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Foreword

This document (EN 13384-2:2015) has been prepared by Technical Committee CEN/TC 166 “Chimneys”, the
secretariat of which is held by ASI.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by October 2015, and conflicting national standards shall be withdrawn at
the latest by October 2015.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 13384-2:2003+A1:20009.

According to EN 13384-2:2003+A1:2009 the following fundamental changes are given:
— editorial mistakes have been corrected;

— mistakes in formulas have been corrected;

— characteristic values for heating appliances for solid fuel and for liquid fuels in Annex B have been
adapted to actual data;

— for the mixture of fuels a clarification about the rise of the dew point has been added;
— for non-concentric ducts the calculation of the mean temperature of the air supply has been amended;

— the process for iteration for appliances with low impact of the pressure to the flue gas mass flow (e.g.
CHP with combustion engine) has been simplified;

— for chimney fans a calculation procedure has been added;

This standard is one of a series of standards prepared by CEN/TC 166 comprising product standards and
execution standards for chimneys.

National installation rules are not regarded in the standard.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

This European Standard “Chimneys — Thermal and fluid dynamic calculation methods” consists of three
Parts:

— Part 1: Chimneys serving one heating appliance

— Part 2: Chimneys serving more than one heating appliance

— Part 3: Methods for the development of diagrams and tables for chimneys serving one heating appliance
According to the CEN-CENELEC Internal Regulations, the national standards organisations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,

Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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Introduction

The calculation described in this standard is complex and is intended to be solved by using a computer
programme. The general principles of this calculation method of EN 13384-1 also apply to this standard.

This standard is in support of the execution standards for a chimney installation serving more than one
heating appliance.

The execution standard identifies limitations and safety considerations associated with the design, installation,
commissioning and maintenance of a chimney serving more than one heating appliance (not dealt within the
calculation method).
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1 Scope

This part of EN 13384 specifies methods for calculation of the thermal and fluid dynamic characteristics of
chimneys serving more than one heating appliance.

This part of EN 13384 covers both the cases, either

a) where the chimney is connected with more than one connecting flue pipe from individual or several
appliances in a multi-inlet arrangement; or

b) where the chimney is connected with an individual connecting flue pipe connecting more than one
appliance in a cascade arrangement.

The case of multiple inlet cascade arrangement is covered by the case a).

This part of EN 13384 deals with chimneys operating under negative pressure conditions (there can be
positive pressure condition in the connecting flue pipe) and with chimneys operating under positive pressure
conditions and is valid for chimneys serving heating appliances for liquid, gaseous and solid fuels.

This part of EN 13384 does not apply to:

— chimneys with different thermal resistance or different cross-section in the various chimney segments.
This part does not apply to calculate energy gain;

— chimneys with open fire places, e.g. open fire chimneys or chimney inlets which are normally intended to
operate open to the room;

— chimneys which serve different kinds of heating appliances regarding natural draught, fan assisted, forced
draught or combustion engine. Fan assisted appliances with draught diverter between the fan and the
chimney are considered as natural draught appliances;

— chimneys with multiple inlets from more than 5 storeys. (This does not apply to balanced flue chimney.);

— chimneys serving heating appliances with open air supply through ventilation openings or air ducts, which
are not installed in the same air supply pressure region (e.g. same side of building).

For positive pressure chimneys this part only applies if any heating appliance which is out of action can be
positively isolated to prevent flue gas back flow.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 1443:2003, Chimneys - General requirements

EN 13384-1:2015, Chimneys - Thermal and fluid dynamic calculation methods - Part 1: Chimneys serving one
appliance

EN 15287-1:2007+A1:2010, Chimneys - Design, installation and commissioning of chimneys - Part 1:
Chimneys for non-roomsealed heating appliances
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EN 15287-2:2008, Chimneys - Design, installation and commissioning of chimneys - Part 2: Chimneys for
roomsealed appliances

prEN 16475-2, Chimneys - Accessories - Part 2: Chimney fans - Requirements and test methods

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 1443:2003, EN 13384-1:2015,
EN 15287-1:2007+A1:2010, EN 15287-2:2008 and the following apply.

31

chimney segment

part of a chimney between two consecutive flue gas connections or between the last flue gas connection and
the chimney outlet

3.2

collector segment

part of a connecting flue pipe between two consecutive flue gas connections or between the last flue gas
connection and the chimney inlet

3.3

flue gas mass flow

m

mass of the flue gas leaving the heating appliance through the connecting flue pipe per unit of time

Note 1 to entry: In case of a chimney serving more than one heating appliance, the air being transported through an
appliance which is out of action is also given the term flue gas mass flow.

3.31

declared flue gas mass flow
mw’j
flue gas mass flow given by the manufacturer of the heating appliance j with respect to the heat output used in
the calculation

3.3.2
calculated flue gas mass flow

ch,j
flue gas mass flow calculated with respect to calculated draught and the working conditions of the heating
appliance |

3.4
calculated flue gas temperature

T,

We,j
flue gas temperature at the outlet of the heating appliance j depending on the calculated flue gas mass flow

3.5
calculated draught of the flue gas of the heating appliance

Pyc,j

draught at the flue gas outlet of the heating appliance j depending on the calculated flue gas mass flow

3.6
flue damper
device to close or partially close the flue
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3.7

balanced flue chimney

chimney where the point of air entry to the combustion air duct is adjacent to the point of discharge of
combustion products from the flue, the inlet and outlet being so positioned that wind effects are substantially
balanced

3.8

cascade arrangement

arrangement where two or more appliances situated in the same space are connected by a common
connecting flue pipe to the chimney

3.9
multi inlet arrangement
arrangement where two or more appliances are connected to the chimney by individual connecting flue pipes

3.10

air duct

independent duct in a building or a structural part of a flue terminal conveying combustion air to a room-sealed
appliance

3.1
pressure equalizing opening
opening or duct that directly connects the air duct with the flue at its base

4 General symbols and abbreviations

Symbols, terminology and units are given to make the text of this standard understandable. A list of general
symbols and abbreviations is given in EN 13384-1 Indices added to symbols for purposes of the calculation
method for chimneys serving more than one heating appliance relate to one chimney segment and/or
connection flue pipe section. An example of an indices numbering scheme is given in Figures 1 and 2. Indices
numbering shall begin at the lowest, farthest appliance connection. For more than one cascade
system/connection, the indices numbering scheme for the calculation formula should be adopted in a similar
manner to that for a single cascade scheme. Symbols assigned to a specific section will be indicated by the
number of the section after the comma (e. g. H, is the effective height of a section of a chimney segment
between the outlet of the connecting flue pipe of the heating appliance in the lowest position and the outlet of
the connecting flue pipe of the next heating appliance).

Each symbol and abbreviation is explained at the formula where it is used.

5 Calculation method

5.1 General principles

The calculation is based upon determining the mass flow distribution in the chimney which fulfils the pressure
equilibrium condition (Formula (1)) at each flue gas inlet to the chimney (see Figure 1). After such a
distribution has been found four requirements shall be verified:

a) the mass flow requirement (Formulas (4) and (5))

b) the pressure requirement for minimum draught or maximum positive pressure (Formulas (6) or (6b) and

(6¢c))

c) the pressure requirement for maximum draught or minimum positive pressure (Formulas (6a) or (6d))
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d) the temperature requirement (Formula (7))

NOTE 1 The calculation is affected by the specific installation design. For recommendations for the installation of
appliance and connection flue pipes see Annex A.

NOTE 2 The pressure requirements for maximum draught or minimum positive pressure are only required if there is a
limit for the maximum draught for the (negative pressure) heating appliance or a minimum differential pressure of the
(positive pressure) heating appliance.

In order to verify the criteria two sets of external conditions are used:

— the calculation of the minimum draught and maximum positive pressure (draught) is made with conditions
for which the capacity of the chimney is minimal (i.e. high outside temperature); and also

— the calculation of the maximum draught and minimum positive pressure and of the inner wall temperature
with conditions for which the inside temperature of the chimney is minimal (i.e. low outside temperature).

The validation of the mass flow requirement and pressure requirement shall be done at following working
conditions, using the external and ambient air temperatures specified in EN 13384-1.

— All heating appliances are simultaneously operating at nominal heat output.
— All heating appliances are simultaneously operating at minimum heat output

— A single heating appliance operating at nominal heat output and all other appliances out of action (all
possible cases)

— A single heating appliance operating at minimum heat output and all other appliances out of action (all
possible cases)

For positive pressure chimneys a single heating appliance operating at minimum nominal heat output and all
other appliances operating at maximum nominal heat output (all possible cases) If the control of the
installation guarantees that not all appliances will be in operation simultaneously, the validation of the mass
flow requirement and pressure requirement may be done with the maximum number of appliances which will
be in operation under the most adverse condition.

The validation for the mass flow requirement and pressure requirement for working conditions with heating
appliances at minimum heat output is not required in the following cases:

— the heating appliances do not have any heat output range

— the heating appliances have a heat output which is limited to a fixed value as specified on a label on the
appliance. In this case the nominal heat output is the given heat output on the label.

— heating appliances heated with solid fuels without fan and appliances with regulated air supply.

The validation of the mass flow requirement for working conditions with appliances at nominal heat output is
not required in the following case:

— the heating appliances have a flue gas mass flow at minimum heat output higher than or equal to the flue
gas mass flow at nominal heat output.

The temperature requirement shall be validated for the following relevant working condition, using the ambient
and external air temperatures as specified in EN 13384-1:

— heating appliances for solid fuels without fan and heating appliances with regulated air supply are in
operation at nominal heat output,

10
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— heating appliances with a draught diverter which provide domestic hot water only are out of action. These
heating appliances operate with a considerable secondary air (These operate only a short time and
therefore it can be assumed that condensation will not cause damage or a lack in safety);

— heating appliances with a fixed output range are in operation at this (nominal) heat output;

— all other heating appliances are in operation at minimum heat output.

When chimneys suitable for operating under wet conditions are located inside a building the check of the
temperature requirement is necessary only for the top of the chimney.

The validation of the temperature requirement is not necessary when the chimney serves only domestic gas
fired water heaters with instantaneous production and domestic gas fired storage water heaters.

If the chimney system includes a draught regulator, the system is handled as a cascade system.
5.2 Pressure equilibrium condition

5.2.1 Negative pressure chimneys

The following formulas shall be fulfilled for each chimney segment j at all relevant working conditions:

|P,, P, |<0.1,inPa (1)
N
Py =-R+3 (B ~PBy) ,inPa 2)
k=j
Pze,jZPWC,J+PV,J+PBC,j’ |n Pa (3)
where
Pzj draught at the flue gas inlet to the chimney segment j, in Pa
Py theoretical draught due to chimney effect in chimney segment k, in Pa
Pr pressure resistance of the chimney segment k, in Pa
Py calculated draught of the heating appliance, in Pa
Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Py calculated pressure resistance of the air supply for the heating appliance j, in Pa
Pz required draught at the flue gas inlet to the chimney segment j, in Pa
P wind velocity pressure, in Pa
N number of heating appliances

11
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Figure 1 — Example of multiple inlet arrangement and numbering pressure values and temperature
values of a chimney serving more than one heating appliance

5.2.2 Positive pressure chimneys

The following formulas shall be fulfilled for each chimney segment j at all relevant working conditions:

Proe,; ~Pro,;| <01, in Pa (3a)
N
PZO,/:PL+Z(PR,k_PH,k)’in Pa (3b)
k=j
PZOe,j =PWOC’J. —PV’J. —PBC,J., in Pa (3c)
where
P70, positive pressure at the flue gas inlet to the chimney segment j, in Pa

12
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Phx theoretical draught due to chimney effect in chimney segment k, in Pa

Prx pressure resistance of the chimney segment k, in Pa

Pwocj calculated positive differential pressure of the heating appliance j, in Pa

Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Pggj calculated pressure resistance of the air supply for the heating appliance j, in Pa
Pzoe;  maximum differential pressure at the flue gas inlet to the chimney segment j, in Pa

P wind velocity pressure,

N number of heating appliances

5.3 Mass flow requirement
Formulas (4) and/or (5) shall be verified for all relevant working conditions (see 5.6).
For each heating appliance in operation at nominal or minimum heat output:

e, = Tty in Kg/s (4)

and for each heating appliance out of action:

mWC,J. >0, inkg/s 5)
where

ch,j calculated mass flow of the heating appliance, in kg/s

mW,j declared mass flow of the heating appliance, in kg/s

Where a damper is applied, flow resistance shall be taken as 0 unless additional data are available.
5.4 Pressure requirements

5.4.1 Negative pressure chimneys

For negative pressure chimneys it has to be additionally checked that the negative pressure (minimum
draught) in the chimney (Pz;) is more than or equal to the negative pressure in the room where the heating
appliance is placed at calculated draught conditions for air supply. The check on this pressure requirement
shall be done using the same conditions as specified for the check on the mass flow requirement (see 5.3 and
5.6). The following relations shall be verified:

P2 By, inPa (6)
where

Pz; draught at the inlet to the chimney segment j, in Pa

Pgcj calculated pressure resistance of the air supply for the heating appliance j, in Pa

If required it has to be additionally checked that the negative pressure (draught) in the chimney (Pzmax;) is less
than or equal to the maximum allowed draught (Pzemax;) Caused by the heating appliance. The Formula (6a)
shall be verified for all relevant working conditions (see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly calculated

flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7| = 258,15 K (1.
=-15 °C, see EN 13384-1).
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N
Prmax,j = Z (PH,k - PR,k)S Pumax,j + Bvj + Facj = Premax,j» IN Pa (6a)
k=j
where
Pzmax; maximum draught at the flue gas inlet into the chimney segment j, in Pa
Pzemax; maximum allowed draught at the flue gas inlet into the chimney segment j, in Pa
Py theoretical draught due to chimney effect in chimney segment k, in Pa
Pri pressure resistance of the chimney segment k, in Pa
Piwmax, maximum draught for the heating appliance j, in Pa
Py; calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Py calculated pressure resistance of the air supply for the heating appliance j, in Pa
NOTE The values of Phk, Prk, Pvjand Pgc;jin Formulas (2) and (6a) are normally different because the conditions

are different.

5.4.2 Positive pressure chimneys

For positive pressure chimneys it has to be additionally checked that the maximum positive pressure in the
connecting flue pipe (Pzo0; + Py;) and in the chimney (Pzo;) is not higher than the excess pressure for which
both are designated (Pzy excess @Nd Pz excess)- 1he check on the pressure requirement shall be done using the
same conditions as specified for the check on the mass flow requirement (see 5.3 and 5.6). The following
relations shall be verified:

P70 S Pz excess » in Pa (6b)
P70+ Pyj< Pzy excess » IN Pa (6c)
where
Pzo, positive pressure at the flue gas inlet to the chimney segment j, in Pa
Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa

Pz excess i the maximum allowed pressure from the designation of the chimney, in Pa

Pzvexcess 1S the maximum allowed pressure from the designation of the connecting flue pipe, in Pa

If required it has to be additionally checked that the minimum positive pressure in the chimney (Pzomin;) is
more than or equal to the minimum allowed positive pressure (Pzoeminj) caused by the heating appliance. The
relation (6d) shall be verified for all relevant working conditions (see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly calculated
flue mass flows that fulfii the pressure equilibrium conditions at an external air temperature of
T, = 258,15 K (1. =-15 °C, see EN 13384-1).

N
PZOmin,j = Z (PR,k - PH,k) 2 PWOmin,j _PBc,j - PV,j = PZOemin,j ,in Pa (6d)
k=j
where
P70min,j minimum positive pressure at the flue gas inlet into the chimney segment j, in Pa
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Pzoeminj  minimum differential pressure at the flue gas inlet into the chimney segment j, in Pa
Py theoretical draught due to chimney effect in chimney segment k, in Pa
Pri pressure resistance of the chimney segmentk, in Pa

Pywonmin minimum differential pressure of the heating appliance j, in Pa

Pgej calculated pressure resistance of the air supply for the heating appliance j, in Pa

Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa

NOTE The values of Puykx and Prk in Formulas (3b) and (6d) are normally different because the conditions are
different.

5.5 Temperature requirement
The relation (7) shall be verified for all relevant working conditions (see 5.6).
The check of the temperature requirement shall be done with a separate calculation using the newly
calculated flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7T
(see EN 13384-1)

Tiob; 2 T, in K (7)

where

Tonj  temperature of the inner wall of the chimney segment j at the end, in K

Ty temperature limit for chimney segment j, in K

The temperature limit Ty; for chimneys suitable for operating under dry conditions is equal to the condensing
temperature Ty, of the flue gas (see 8.6). Ty; = Ty,

The temperature limit T;; for chimneys suitable for operating under wet conditions is equal to the freezing
point of water: T, = 273,15 K.

NOTE The following cases can be exempted from meeting the temperature requirement provided that it is accepted
that in case the requirement for temperature should be not fulfilled no guarantee can be given that no moisture appears. In
this cases insulation is advised.

— heating appliances which are substituted to a usual chimney which is already in operation and

— the heat output of the heating appliances which are connected and/or substituted does not exceed 30 kW
for each and

— the flue gas losses are not more or equal than 8 % and

— an effective air conditioning of the chimney during standstill periods is given by draught diverters or
dampers and

— sufficient standstill periods are given (e. g. the minimum steady state heat output of the heating appliance
is not less than 20 % as the required heat).

5.6 Calculation procedure
For the calculation of the pressure and temperature values in a chimney serving more than one heating

appliance an iterative procedure is necessary. This calculation procedure is based on the application of mass
and energy conservation formulas under quasi steady state conditions.
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In each point of connection between various ducts (at the end of connecting flue pipes, the beginning and the

end of the chimney segments), all called nodes (see Figure 2), the following procedure shall be used:

m,j
T
:

Figure 2 — Designation of flow numbering for each node j (see Formulas (8) and (9))

— The mass flow and the temperature shall be calculated with Formulas (8) and (9).

mj.q+my;=m;,inkgls

g Coin T +ri1\,’j “Covi Ty =n'1)j ¢, Iy, inJis
where
mH flue gas mass flow in chimney segment j-1, in kg/s
mvj flue gas mass flow in connecting flue pipe, in kg/s
m!j flue gas mass flow in chimney segment j, in kg/s
Cpj-1 specific heat capacity of flue gas in chimney segment j-1, in J/( kg - K)
Covj specific heat capacity of flue gas in connecting flue pipe j, in J/( kg - K)
Cpj specific heat capacity of flue gas in chimney segment j, in J/( kg - K)
Toj1 temperature of the flue gas at the end of chimney segment j-1, in K
Tov temperature of the flue gas at the end of connecting flue pipe j, in K
Tej temperature of the flue gas at the inlet of chimney segment j, in K

(8)

9)

— The draught or positive pressure at the beginning of the chimney segment (at point 3), is derived from the
draught or positive pressure of this chimney segment and all succeeding segments according to
Formula (2).

If the mass flow of a heating appliance doesn’t change more than 10 % of its nominal value in a range
between the nominal value and the calculated value for the draught or positive pressure an iteration is not
necessary. In this case the requirements of EN 13384-1:2015, 5.2.1 or 5.2.2 shall be fulfilled for each
appliance.

A CHP with combustion engine is assumed to fulfil these conditions.
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For each iteration the following parameters shall be obtained:

— for each node j, the actual pressure (Pzj, Pz; Or Pzoej, Pzo;j and where required Pzemax,j, Pzmaxj OF Pzoemin,j»
Pzominj) @and temperature values (7.1 at point 1, T,y; at point 2, T, at point 3),

— for each segment between two nodes, the average values of the actual temperature, mass flow and
velocity of the flue gas.

Before the first iteration an estimate of the calculated flue gas mass flow at the appliance outlet is necessary.
A possible starting value for the calculated mass flow is the declared flue gas mass flow of the appliance

mw,j_

Each iteration consists e.g. of the following two phases:

Phase 1: Calculate variables starting from the lowest node up to the outlet to the atmosphere as follows:
— calculated/estimated flue gas mass flow at the appliance outlet

— in each connecting flue pipe
calculated mass flow (Formula (14));
average density of the flue gas (Formula (29));
average velocity of the flue gas (Formula (30));
flue gas temperature at the end (see EN 13384-1:2015, 5.8);
average flue gas temperature (see EN 13384-1:2015, 5.8).

— in each segment of the chimney
calculated mass flow after the confluence of each segment (point 3 in Figure 2) (Formula (13));
temperature of the flue gas after the confluence (Formula (15))
average density of the flue gas (Formula (27));
average velocity of the flue gas (Formula (28));
flue gas temperature at the end (see EN 13384-1:2015, 5.8);
average flue gas temperature (see EN 13384-1:2015, 5.8).

Phase 2: Calculate the draught or positive pressure values in each node tracking the flue duct backwards
from the outlet into the atmosphere down to the node that is at the greatest distance:

— draught required or differential pressure available at the flue gas inlet into the chimney (Formula (3) or

(3c))
— draught due to chimney effect at the inlet of the chimney segment (Formula (31));
— pressure resistance in the chimney segment (using Formula (32));
— draught or positive pressure at the inlet of the chimney segment (using Formula (2) or (3b));
The iteration described above (phase 1 and phase 2) at the working conditions under consideration (i.e.
nominal, minimum load and out of action) shall be continued until the pressure equilibrium condition is fulfilled

(Formula (1)).

When the pressure equilibrium condition is fulfilled, the values calculated at the last iteration can be
considered, for the purpose of this standard, to be those regarding the operation of the chimney.

If the pressure equilibrium condition is not fulfiled a new estimate of my based on the observed difference
between Pz; and Pz or Pzo; and Pzo.; and a new iteration shall be made.
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6 Flue gas data characterising the heating appliance

For the calculation of the temperature and pressure values the relevant flue gas data characterising the
heating appliance shall be specified. This includes:

— minimum, declared draught or maximum declared differential pressure of the heating appliance (P or
Pwo,)

— declared flue gas temperature of the heating appliance (#w )

Both values shall be given in relation to the flue gas mass flow at various working conditions of the heating
appliances (in operation, out of action). The calculated draught Pw.; or differential pressure Pwoc; of the
heating appliance shall be given for both working conditions in form of a 4" degree poly-nominal
(Formula (10)).

. . 2 . 3 . 4
Pyoj=b, +b-| =L |+b,-| | +b| —=| +b,-| — | inPa (10)
M My My My
. . 2 . 3 . 4
PWOC,j = CO +C| . ‘WC’J +cz . ﬂ +C3 . ﬂ +c4 . ﬂ in Pa (108)
mw’j I’I’lw’j mw,j I’I’lw’j
. )
b = Vo + [%J in °C (11)
We,j Yo TN . ,
My j
where

bo, b1, by, b3, by  factors for the poly-nominal in the formula for calculated draught of heating appliance j

Y0, V1, V2 factors for the exponential in the formula for calculated flue gas temperature of heating
appliance |

chj calculated flue gas mass flow of heating appliance j, in kg/s

mwj declared flue gas mass flow of heating appliance j, in kg/s

Pyye calculated draught of the heating appliance, in Pa

Pwocj calculated differential pressure of the heating appliance, in Pa

e} calculated flue gas temperature of the heating appliance, in °C

co, C1, C2, C3, ¢4 factors for the poly-nominal in the formula for calculated differential pressure of heating
appliance |

For negative pressure chimneys the values for 5 and y shall be obtained for “in operation” and “out of action”
conditions separately. In case these values are not given, the flue gas data characterising the appliance are
given in Annex B.

For positive pressure chimneys the values for ¢ and y shall be obtained for the “in operation” conditions, from
the heating appliance manufacture’s data.

NOTE 1 If the data for the “in operation” conditions are not available the calculation is not possible.

For the “out of action” condition ¢y, ¢4, ¢3, ¢4 and yg, y1, y» shall be 0 and ¢, = -1 000 000.
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NOTE 2 For positive pressure applications the validation of the mass flow relies in the fact that there is no possibility of
backflow of flue gas through a heating appliance that is out of action.

A CHP with combustion engine is sufficiently described with the nominal value for the flue gas mass flow and
the nominal draught or differential pressure.

In addition the declared volumetric concentration of CO, of the flue gases at the relevant working conditions
(nominal heat output and minimum heat output for the appliances o-(CO,)w,; shall be specified. The declared
content of CO, of the flue gases at the two working conditions can also be determined using
EN 13384-1:2015, Table B.1 and Table B.2.

The calculated CO, content of the flue gas of the heating appliance j 0(CO;)wit; shall be determined for the
two working conditions "in operation at nominal heat output" and "in operation at minimum output” using the
following formula:

— for heating appliances for liquid and gaseous fuels and heating appliances for solid fuels with automatic
feed

1
Wc,j = . .
: My, 1 Ll Mwe |y Sm2
mW,j G(COZ)W,j mW,j Jmi

— in other cases

o(C0,) , in Vol.-% (12)

O(COZ)WCJ = 0(C02)WJ , in Vol.-%

where

0(CO,)w,; declared CO, content of the flue gas of heating appliance j, in Vol.-%
0(COz)wej calculated CO, content of the flue gas of heating appliance j, in Vol.-%
Sty fon2 coefficients according to EN 13384-1

chj calculated flue gas mass flow of heating appliance j, in kg/s

mwj declared flue gas mass flow of heating appliance j, in kg/s

For the calculation of a negative pressure chimney the value of the maximum draught for the heating
appliance Pymax and for the calculation of a positive pressure chimney the value of the minimum differential
pressure of the heating appliance Pywomin Shall be obtained from the manufacturer of the heating appliance if
appropriate.

7 Data for chimney and connecting flue pipes
%)
The mean value for roughness of the inner wall (v and/or ry;) and the thermal resistance ( A and/or

&)
4 V:1) for each connecting flue pipe and each chimney segment shall be identified (see EN 13384-1:2015,
5.6.2).
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8 Basic data for the calculation

8.1 General

The basic data for the calculation shall be identified for each chimney segment unless otherwise specified in
this clause.

8.2 Air temperatures

8.2.1 External air temperature (7,)

For the calculation of the external air temperature (7.) see EN 13384-1:2015, 5.7.1.2; a single value is
relevant for all chimney segments.

8.2.2 Ambient air temperature (7,)

For the calculation of the ambient air temperature (7,) see EN 13384-1:2015, 5.7.1.3.

8.3 External air pressure (p.)

For the calculation of the external air pressure (p ) see EN 13384-1:2015, 5.7.2, a single value is relevant for
all chimney segments.

8.4 Gas constant

8.4.1 Gas constant of the air (R)

For the calculation of the gas constant of the air (R ) see EN 13384-1:2015, 5.7.3.1, a single value is relevant
for all chimney segments.

8.4.2 Gas constant of flue gas (R)
For the calculation of the gas constant of flue gas (R) see EN 13384-1:2015, 5.7.3.2.

For gas mixing use Formula (19) in this standard.

8.5 Density of air (o,)

For the calculation of the density of air (o ) see EN 13384-1:2015, 5.7.4. A single value is relevant for all
chimney segments.

8.6 Specific heat capacity of the flue gas (c;)
For the calculation of the specific heat capacity of the flue gas (c;) see EN 13384-1:2015, 5.7.5.
For gas mixing use Formulas (20), (21), (22) in this standard.

8.7 Water vapour content (o(H.0);) and condensing temperature (7s;)

For the calculation of the water vapour content (o(H,O);) and condensing temperature (Ts,) see
EN 13384-1:2015, 5.7.6.

For gas mixing use Formula (18) in this standard.
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8.8 Correction factor for temperature instability (Sy)
A single value is relevant for all chimney segments.
For the check of the mass flow requirement and for the check of the pressure requirement for minimum

draught and maximum positive pressure Sy = 0,5 shall be used for each chimney segment; for maximum
draught or minimum positive pressure the correction factor Sy for temperature instability shall be 1.

8.9 Flow safety coefficient (Sg)

For the calculation of minimum draught of negative pressure chimneys the safety coefficient Sg = 1,5 shall be
used, except a value of 1,2 shall be used for strictly controlled appliance and chimney installations (e.g.
industrial installation with permanent supervision), and for room sealed appliances with forced draught
burners.

For the calculation of maximum positive pressure of positive pressure chimneys the safety coefficient
Sg = 1,2 shall be used.

For the air supply duct a flow safety coefficient Sgg = 1,2 shall be used.

For the calculation of maximum draught or minimum positive pressure the safety coefficient Sg and Sgg shall
be 1.

8.10 External coefficient of heat transfer

For the calculation of the external coefficient of heat transfer see EN 13384-1:2015, 5.8.3.3.

9 Determination of temperatures
The following temperature values shall be calculated according to EN 13384-1:2015, 5.8

— the calculated flue gas temperatures of the heating appliance (7.;) using flue gas data characterising the
appliance (Formula (11));

— the mean flue gas temperatures in the connecting flue pipes (Tmy;);

— the flue gas temperatures at the end of the connecting flue pipes (7oy);

— the flue gas temperatures after gas mixing at the beginning of the chimney segments (7, ;, Formula (7));
— the mean flue gas temperatures in the chimney segment (7y,;);

— the flue gas temperatures at the end of the chimney segments (7, ); and

— the temperatures of the inner wall at the end of the chimney segments (Zio,).

The relevant formulas for the calculation of the temperatures are listed in Table 2. The mass flow rate and the
CO, content of the flue gas in the connecting flue pipe shall be calculated with the Formulas (14) and (17).
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Table 1 — Calculation of the temperatures

Terminology

Formula

Unit

mean flue gas
temperature in
connecting flue pipe
Thv,j

Twei =T
+V\/Q}<—VJU\/,J.[1—GXP('KVJ)]

Toovj = Thv,j

flue gas temperature
at the end of the
connecting flue pipe
ToV

Tovi=Tuvj+ (Twej— Tuvy)) - exp (- Ky

cooling value of the
connecting flue pipe
KV,J

Uy ky Ly,
Ky, = SIS Bl'A

“Cov,j

coefficient of heat
transmission of the
connecting flue pipe
kyj (mass flow and
pressure check)

-1
| 1 Dy
by =| =t 8, (_) Py
_aiv,j A vj \ Dhvaj Qav,j

coefficient of heat
transmission of the
connecting flue pipe
kyj (temperature
check)

-1
D., .
kV,j: L_F(ij + $
Qiy A Vi DhVa,j "y

EN
~

internal coefficient of
heat transfer of the
connecting flue pipe
Qivj

i
hVv,j

_ Ay Nuy; 4
Qy; =max | ———=;

EI\)
~

Nusselt number Nuy;

Dy

¥ smooth Vi Vi

0,67
} 10,0214 (Re, ** ~100)- Pr, >* | 1+ [—

}0,67

Prandtl number Pry;

MTav,i " Cpv,j

J
Ay, j

Reynolds number Rey;

Wi * Dhvij* Pmv,j

ReV!J =
Nav,

mean flue gas
temperature T,

m,j ~ ‘u,j K )
b

flue gas temperature
at the end of the
chimney segment 7

0,j u,j

cooling value of the
chimney segment X,

coefficient of heat
transmission k,; (mass
flow and pressure
check)

<
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coefficient of heat -1 w
transmission k,; k.= L+ 1 N Dy, m2-K
(temperature check) Tola; A i Dha -y
internal coefficient of Api - Nu. W
heat transfer a;; a; ; = max| —L—= 4 m’ - K
h
Nusselt number Nu; 0,67 D 0,67
Nu, _{ 4 } :0,0214-(Re *® ~100). % | 1+ 214 .
¥ smooth Vi L,J'
Prandtl number Pr Pr, - M Coj B
ﬂ’A,J
Reynolds number Re; Wi * Dy Pro
Re .= _mJ ~7hg g —

)]
TTAj

10 Mixing calculations

10.1 General

At the point of the inlet to the chimney segment the flue gas mass flow, the flue gas temperature and the CO,
and H,0O-content as well as the gas constant and specific heat capacities shall be calculated.

10.2 Flue gas mass flow ()

The flue gas mass flow in chimney segment j " shall be calculated with Formulas (13) and (14):

10.3 Flue gas temperature at the inlet of the chimney segment (7))

The flue gas temperature T in chimney segment j shall be calculated with Formula (15). To simplify the
calculation the heat capacities of the flue gas in the connecting flue pipe j and in the previous chimney
segment j-1 are based on the mean flue gas temperatures.

M Coigd i g+ 1y Coy il oy i
1Cp.-tlo 1 T My iCov ilovj .
Tej: j ?J 0, : RVITOVI i K (15)
M;_1Cp jq T My oy

10.4 CO.-content of the flue gas in the chimney segment (0(CO.,)))

The CO,-content 6(CO,); in chimney segment j shall be calculated with Formula (16):

#(CO,) - 4R 4100 - o(H,0), , |o(CO, ), + 1y Ry, [100 - 5(H,0), ; F(CO, ), Vol % 6)
20 1 4R 4[100 — o(H,0) ., iy Ry ;100 — 5(H,0), | ’ '

The CO,-content of the flue gas in the connecting flue pipe shall be calculated with Formula (17):
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o(CO,),; =c(CO, )y, - in Vol. % (17)

cj’

10.5 H,O-content of the flue gas (o(H.0)))
The H,0-content o(H,0); in chimney segment j shall be calculated with Formula (18):

m._R._,cH0O) ,+my, R, clHO), .
o(H,0), =—1 (,2 )i Al (B0, ,in Vol. % (18)
’ m’j_']R’j_'I + mV,JRV,]

o(H20)y; shall be taken from EN 13384-1:2015, Table B.1 for each kind of fuel for heating appliance j.

10.6 Gas constant of the flue gas (R))

The gas constant of the flue gas R in chimney segment j shall be calculated with Formula (19):

B m’j_1R’j_1 + mv,ij,j

i - , in J/(kg - K) (19)
' miq+my;

Ry shall be taken from Table B.1 of EN 13384-1:2015 for each kind of fuel for heating appliance j.
10.7 Flue gas data
10.7.1 Specific heat capacity (cpv;), (cp;)

The specific heat capacity of the flue gas in the connecting flue pipe cpy; shall be calculated with Formula (20):

VAT
= ,inJ/(kg - K 20
i 1+f,,-0(CO,), n kg 1) (20)

C

The factors fo,, fe1), fo2; @and fes; for determination of ¢,y shall be taken from EN 13384-1:2015, Table B.1

The specific heat capacity of the flue gas in the chimney segment ¢,; shall be calculated with Formula (21):

101140,05- 1y +0,0003 1y, 2 + (fug; + for; b + oz s I (CO)

i = 1+ fc3,j -o'(Coz ),j ’j ke @
The factors f; for determination of ¢,; shall be calculated with the following formula:
Mg fci,j-1O'(Coz ),j.1 N My - fciv,jO'(Coz )V,j
1 M fepi0(C02)y 1+ fesn,0(COR)y, ,in Ji(kg - K) (22)

f;‘,i,j = G(COZ )’J m,j-1 n mV,j
1+ fc3,j-1U(C02 ),1-1 1+ fc3V,jG(C02 )V,j

When all appliances served by the chimney operate with the same fuel the coefficient 1 (fco;, o1, fe2,j @nd fes))
can be determined according to EN 13384-1:2015, Table B.1.

10.7.2 Thermal conductivity of the flue gas (Aav;), (Aa))

The thermal conductivity of the flue gas in the connecting flue pipe Aay; and/or in the chimney segment Aa;
shall be calculated with the following formulas:
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Aav;= 0,0223 + 0,000085 tyy; . in W/(m? - K) (23)
Aaj= 0,0223 + 0,000085 7, in W/(m? - K) (24)
10.7.3 Dynamic viscosity (Nav;), (Na;)
The dynamic viscosity nay,; and n,; ; shall be calculated with the following formulas:
Navj=15-10° +47 - 10° - 4y, -20 - 107% - 1y % , in Ns/m? (25)
Naj=15-10°+47 - 10° - 1,,;-20 - 107% - 1, , in Ns/m? (26)

Legend for the formulas in Clause 10

Cpj specific heat capacity of flue gas in chimney segment j, in J/(kg - K)
Cov,| specific heat capacity of flue gas in connecting flue pipe j, in J/(kg - K)
Jeij factors for determination the specific heat capacity for each heating appliance j
4 flue gas mass flow in chimney segment j-1, in kg/s

iy | flue gas mass flow in connecting flue pipe j, in kg/s

Ri4 specific gas constant of flue gas in chimney segment j, in J/(kg - K)
Ry specific gas constant of flue gas in connecting flue pipe j, in J/(kg - K)
Imij average temperature of flue gas in chimney segment j, in °C

tvj average temperature of flue gas in connecting flue pipe j, in °C

foj-1 temperature of the flue gas at the end of chimney segment j-1, in K
Tov j1 temperature of the flue gas at the end of connecting flue pipe j, in K

0(CO,); volume concentration of CO, in chimney segment j, in Vol. %

0(CO,);. volume concentration of CO, in chimney segment j-1, in Vol. %

0(COy)y; volume concentration of CO, in connecting flue gas pipe j, in Vol. %

o(H20);. volume concentration of H,O in chimney segment j-1, in Vol. %

o(H20)y; volume concentration of H,O in connecting flue gas pipe j, in Vol. %

10.7.4 Condensing temperature (7sp)
The condensing temperature shall be calculated according to EN 13384-1:2015, 5.7.6.
If there is a combination of appliances including such for coal and/or residual fuel oil the rise in the dew point

shall be calculated for each fuel according to EN 13384-1:2015, 5.7.6 and the highest value shall be taken for
the determination of the condensing temperature.

11 Density and velocity of the flue gas

The average density of the flue gas in the chimney segment pn,; shall be calculated with the following formula:

P

T Am,j

,in kg/m® (27)

pm,j = R
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The average velocity of the flue gas in the chimney segment wy,; shall be calculated with the following formula:

oy
Wi :A—", in m/s (28)
J Pmj

The average density of the flue gas in the connecting flue pipe pmy; shall be calculated with the following
formula:

PL

RV,j ’ TmV,j

Provj = , in kg/m® (29)

The average velocity of the flue gas in the connecting flue pipe wym; shall be calculated with the following
formula:

My

= ,in kg/m® (30)
AV,j *Pmv,j

Wiy j

Key to formulas in Clause 11

A, cross sectional area of the chimney segment j, in m?

Ay cross sectional area of the connecting flue pipe j, in m?

m, flue gas mass flow in the chimney segment j, in kg/s

m\,’j flue gas mass flow in the connecting flue pipe j, in kg/s

pL external air pressure, in Pa

R specific gas constant of the flue gas in chimney segment j, in J/(kg - K)
Ry specific gas constant of the flue gas in connecting flue pipe j, in J/(kg - K)
T average temperature of the flue gas in chimney segment j, in K

Thv average temperature of the flue gas in connecting flue pipe j, in K

Pmj average density of the flue gas in chimney segment j, in kg/m3

Pmv,j average density of flue gas in connecting flue pipe j, in kg/m3

12 Determination of the pressures

12.1 Pressures at each inlet of the chimney segments

12.1.1 Draught

The minimum and maximum draught at the inlet of the chimney segment j (Pz; and Pzmax;) results from the
difference between the sum of draught due to chimney effect and the sum of the pressure resistance of all
chimney segments which are located above the inlet and shall be calculated using Formulas (2) and (6a).

12.1.2 Positive pressure

The maximum and minimum positive pressure at the inlet of the chimney segment j (Pzo0; and Pzominj) results
from the difference between the sum of the pressure resistance and the sum of draught due to chimney effect
of all chimney segments which are located above the inlet and shall be calculated using Formulas (3b) and
(6d).
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12.1.3 Draught due to chimney effect in the chimney segment (Py;)

The draught due to chimney effect Py in chimney segment j shall be calculated with the following formula:
Puj=H;j-g- (pL-pm;), inPa (31)

where

Hj effective height of chimney segment j, in m
g acceleration due to gravity = 9,81, m/s?
L density of external air, in kg/m3

pm; average density of flue gas in section j, in kg/m3

12.1.4 Pressure resistance in the chimney segment (Pg;)
12.1.41 General

The pressure resistance Pg; in chimney segment j shall be calculated with the following formula:

K= SE('//,J' f)_; + ZQJ%WJ +Sem,ifs + Sec il in Pa (32)

where

Pg; change of pressure due to change of flue gas velocity from chimney segment j to section j + 1, in Pa

Pz change of pressure due to flue gas mixing in the area of the inlet in chimney segment j + 1, in Pa

Se flow safety coefficient

Ny flow safety coefficient for change of pressure caused by change of velocity of the flue gas (Sgg; = Se
for Pgj2 0; Segj = 1,0 for Pg; < 0)

Semj flow safety coefficient for change of pressure caused by flow passing a connection (Sem;j = Se for Pqs;
2 0; Sem; = 1,0 for Py3; < 0)

W coefficient of friction of the flue of the chimney segment j

L, length of chimney segment j, in m

Dy, internal hydraulic diameter of chimney segment j, in m

2 sum of pressure resistance coefficients of the chimney segment |

Pmj average density of flue gas in chimney segment j, in kg/m3

Wm,j average velocity of flue gas in chimney segment j, in m/s

12.1.4.2 Coefficient of flow resistance due to friction of the flue (y)

For the calculation of the coefficient of friction of the flue of the chimney segment j (y;) see EN 13384-1:2015,
5.10.3.3. For the determination of the mean values for roughness of the inner wall (chimney segment and
connecting flue pipe) see EN 13384-1:2015, Table B.4.

12.1.4.3 Pressure resistance coefficients

For the calculation of the pressure resistance coefficients see EN 13384-1:2015, Table B.7.
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12.1.4.4 Pressure change in flue gas due to change of the flue gas velocity

For the calculation of the pressure change in flue gas due to change of the flue gas velocity see
EN 13384-1:2015, 5.10.

The change of pressure Pg; from chimney segment j to j + 1 shall be calculated with the following formula:

Poy = f = D002 in Pa (33)

where

pmj average density of flue gas in chimney segment j, in kg/m3

wm; average velocity of flue gas in chimney segment j, in m/s

At the last chimney segment (the chimney outlet):
PG,N =0
12.1.4.5 Pressure loss due to mixing in the area of the inlet of the chimney segment (P,3)

The pressure loss due to flue gas mixing at the inlet of the chimney segment P3; (see Figure 3) is included in
the pressure resistance of the chimney segment j below this inlet and it shall be calculated with the following
formulas:

Pis;=Cizju1 2 Wmjs, N Pa (34)

N2 N2 y

413j+1=o,03-(1—MJ —(MJ 1+1,62-H 4 Jcos;/j—1]—0,38- 1—[ 4 } n
’ m. m . Ay ’ Ay
L+ Lj+H1 V,j+1 V,j+1

-1 . .
o_ A Iy |4 M
AV,j+1 m i m i

Formula (35) is only applicable if there is no change in chimney diameter

(35)

A

. mV«J'Jr'I . o o
21, OS—S1,0, 0 <}/S90

with Ay ji1 M

A<1

For Ay jia the individual resistance of the connection point can be determined as sum of the individual
resistances of a cross-section constriction (see EN 13384-1:2015, Table B.8, shape 6 and 8) and a
A
=1

. . Ay
connection point " V:i*
where

A cross sectional area of the chimney, in m?

Ay jr1 cross sectional area of the connecting flue pipe j+1, in m?
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Vi angle of the connection between the connecting flue pipe j+1 and the chimney segment j+1, in °
{131 pressure resistance coefficient of the connection between the connecting flue pipe j+1 and the
chimney segment j+1
Pmj+1 average density of the flue gas in chimney segment j+1, in kg/m3
Wi j+1 average velocity of the flue gas in chimney segment j+1, in m/s
1y, +1 flue gas mass flow in connecting flue pipe j+1, in kg/s
mm flue gas mass flow in chimney segment j+1, in kg/s
mj+1
3
/ i
P,..| .
13, ° — )
§13,j+1 2 mV’JH
\\\ .
1
m

Figure 3 — Change of pressure due to flue gas mixing in the area of the inlet to chimney segment j+1

The pressure resistance coefficient values used in the calculation method presumes that there is no flow
interference between individual points of connection of appliances.

This may be by adequate separation or by flow directions.

12.2 Minimum draught required at the flue gas inlet into the chimney and maximum allowed
draught (Pz. and Pzemax) and maximum and minimum differential pressure at the flue gas inlet
into the chimney (Pzo0. and Pzoemin)

12.2.1 Minimum required and maximum allowed draught

The minimum required draught Pz.; at the outlet of the connecting flue pipe j is the sum of the calculated
draught Py, of heating appliance j and the calculated pressure resistance of the flue gas pipe Py; and the
calculated pressure resistance of the air supply Pg.j and it shall be calculated using Formula (3).

The maximum allowed draught Pzemax; at the outlet of the connecting flue pipe j is the sum of the calculated
draught Py, of heating appliance j and the calculated pressure resistance of the flue gas pipe Py; and the
calculated pressure resistance of the air supply Pg.; and it shall be calculated using Formula (6a).

NOTE Values of Pwcj, Pvjand Pgcjin Formulas (3) and (6a) may be different because the conditions are different.

12.2.2 Maximum available and minimum allowed differential pressure

The maximum differential pressure (available positive pressure) Pzo.; at the outlet of the connecting flue pipe j
is the difference of the calculated positive pressure differential Pwo.; of the heating appliance j and the sum of
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the calculated pressure resistance of the flue gas pipe Py; and the calculated pressure resistance of the air
supply Pg.; and it shall be calculated using Formula (3c).

The minimum (allowed) differential pressure Pzoeminj at the outlet of the connecting flue pipe j is the difference
of the calculated positive pressure differential Pwoo; of the heating appliance j and the sum of the calculated
pressure resistance of the flue gas pipe Py; and the calculated pressure resistance of the air supply Pg.; and it
shall be calculated using Formula (6d).

NOTE The values of Pwcj, Pvj and Pgcj in Formulas (3c) and (6d) may be different because the conditions are
different.

12.2.3 Calculated pressure resistance of the connecting flue pipe (Py)
12.2.3.1 General

The calculated pressure resistance of the connecting flue pipe Py; shall be calculated with the following
formula:

PV,j = PRV,j - PHV,j' in Pa (36)
12.2.3.2 Draught due to chimney effect in the connecting flue pipe (Pyy;)

For the calculation of the draught due to chimney effect in the connecting flue pipe (Pny;) see
EN 13384-1:2015, 5.11.3.2.

12.2.3.3 Pressure resistance of the connecting flue pipe (Prv,)

The pressure resistance of the connecting flue pipe Pry; shall be calculated with the following formula:

Ly, P .
Ry = SE|:[I//V,j Dh\;- +Z§V,J}%W§1v,j} + Semv,j 23 + Seav i fov,j» In Pa (37)
J

The pressure difference Pgy; is due to the difference between the velocity of flue gas in the connecting flue
pipe and in the corresponding chimney segment j. It shall be calculated with the following formula:

PGV!j — pm,j . Wrzn’J _ pmV,j . WanVJ , in Pa (38)
2 2
where
Se flow safety coefficient

Seov flow safety coefficient for change of pressure caused by change of velocity of the flue gas
SEGV,j =Se for PGV,j =>0; SEGV,j =1,0 for PGV,j <0

SEMV,j flow Safety coefficient for P23'j (SEMV,j =S for P23'j =>0; SEMV,j =1,0 for P23'j < 0)

Wy, coefficient of friction of the flue gas pipe j

Ly; length of the connecting flue gas pipe j, in m

Dhy, internal hydraulic diameter of flue gas pipe, in m

2l sum of resistance coefficients of the connecting flue pipe (exclusive of the mixing effects at the inlet
to the chimney)

Pmv,j average density of the connecting flue gas in the flue gas pipe, in kg/m®

Wimv,j average velocity of the connecting flue gas in the flue gas pipe, in m/s
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The pressure loss P, (see Figure 4) is due to the change of flow direction and mixing of flue gas in the area
of the inlet into chimney segment j. It shall be calculated with the following formulas:

Prmi .
Pys; =G, -—;’ w2 ;. in Pa (39)

-1 . .
2-| || g (40)
Ay ;| ;|

A my |
y >1,0<—1<1,0;0°< y <90°
with V. M
Ai<1
For “Vi the individual resistance of the connection point can be determined as sum of the individual
resistances of a cross-section constriction (see EN 13384-1:2015, Table B.8, shape 6 and 8) and a
A
=
. . AV H
connection point ~V
where
(23 pressure resistance coefficient for change in flue gas direction and mixing at the area of flue gas inlet j

in chimney segment |
Pmj average density of the flue gas in chimney segment j, in kg/m3
Wm,j average flue gas velocity in chimney segment j, in m/s

flue gas mass flow in connecting flue gas pipe j, in kg/s

mV,J

m’j flue gas mass flow in chimney segment j, in kg/s

Ay, cross sectional area of connecting flue pipe j, in m?

A cross sectional area of chimney, in m?

Vi angle of connection between connecting flue pipe and the chimney segment, in °

The pressure resistance coefficient values used in the calculation method presumes that there is no flow
interference between individual points of connection of appliances.

This may be achieved by adequate separation of points of connection or by the use of flow deflectors.
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&

Figure 4 — Pressure loss P,;; due to the change of flow direction and mixing of flue gas in the area of
the inlet into chimney segment j

12.2.3.4 Coefficient of flow resistance (¢)
For the calculation of the coefficient of flow resistance () see EN 13384-1:2015, 5.10.3.4.

Values for devices which positively isolate the heating appliance to prevent flue gas back flow shall be
supplied by the device manufacturer.

12.2.4 Calculated pressure resistance of the air supply (Pgc;)

The pressure resistance of the air supply (Pg;) shall be calculated in accordance to EN 13384-1:2015, 5.11.4.

The calculated (negative) pressure resistance for air supply Pg; is calculated with the following formula:

m . n
Pagj =Py (ﬂ] ,inPa (41)
mW‘J
where
Pg; minimum, projected pressure resistance of air supply for the heating appliance j, in Pa
chj calculated flue gas mass flow for heating appliance j, in g/s
mw; declared flue gas mass flow of heating appliance j, in g/s
n exponent depending on the kind of air supply:

- in case of an opening (e.g. room for the heating appliance with an opening for air supply): n = 2

- in case of slits (e.g. window frame in living rooms): n = 1,5
In case more than one heating appliance in a room is connected to the inlet of the chimney segment the sum

of the flue gas mass flows shall be used in Formula (41) for "Mwej and Wi
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13 Inner wall temperature

The temperature of the inner wall of the chimney T7;,,; of a chimney segment j shall be calculated in analogy to
EN 13384-1:2015, 5.12 using formulas in Table 2.

Table 2 — Formulas for calculation of inner wall temperatures at the end of a chimney segment

Terminology Formula Unit
coefficient of heat -1 W
transmis§ion at the end ko, = LJF(lj + (l) n D, m2 .K
l(:f the chimney segment ’ &; \AJ; \AJoj Dnaoj Qaoj

ob,j
flue gas temperature at k. . K

the i Il Tioo; = . B
e Inner wa b,j Tiob,j_TOb,j a. (Tob,j TUO,J'j

with T, see Table 2

sectionj <N Oaoj = 23 in the case any part of the chimney segment is W
external m2 -K
Oaoj = 8 in the case where the chimney segment is internal to
the building
(1/N)o; =0 in the case where the entire chimney segment is not
insulated
sectionj=N In the case of ventilated cladding with ventilated gaps of a width of 1 w
cm to 5 cm a,, = 8 may be used. m2 -K

aa0; = 23 in all other cases of a non-insulated top of the chimney or
when an additional heat transfer resistance of an insulated top of a
chimney is included in the calculations

(1N)o; = calculated according to EN 13384-1:2015, A.1

14 Cascade installations

14.1 Principle of the calculation method

The calculation is based upon determining the mass flow distribution in the collectors (see Figure 5) which
fulfils the pressure equilibrium condition (Formula (42)) at each flue gas inlet to each collector segment. After
such a distribution has been found three requirements shall be verified:

a) the mass flow requirement (Formulas (45) and (46))

b) the pressure requirement for minimum draught or maximum positive pressure (Formulas (47) or (47b)
and (47¢))

c) the pressure requirement for maximum draught or minimum positive pressure (Formulas (47a) or (47d))
d) the temperature requirement (Formula (48))

The inlet/outlet construction is assumed to be designed in such a way that wind effects are minimized.
Consequently P = 0 and is omitted from the formulas.
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14.2 Pressure equilibrium condition

14.2.1 Negative pressure cascade installation

The following formulas shall be fulfilled for each collector segment j,| at all relevant working conditions:

Pye i~ Procy| €01, in Pa (42)
NG
Prejy =Pz +zl (PHC,j,n _PRC,j,n) ,in Pa (43)
=
Precji = Buejy + Bujy + Focjy» in Pa (44)
where
Pz draught at the flue gas inlet into the collector segment j,I, in Pa

Pucjn  theoretical draught due to chimney effect in collector segment j,n, in Pa

Prcjn  pressure resistance of the collector segment j,n, in Pa

Py calculated draught of the heating appliance j,I, in Pa

Py calculated pressure resistance of the connecting flue pipe of the heating appliance j,I, in Pa
Pgej) calculated pressure resistance of the air supply for the heating appliance j,|, in Pa

Pzecji  required draught at the flue gas inlet into the collector segment j 1, in Pa

Pz; draught at the flue gas inlet to the chimney segment j, in Pa

NC, number of heating appliances of the collector j
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S

A
)
<

chimney

collector segment j,|
heating appliance j,| + 1
heating appliance j,p
heating appliance ;2
heating appliance j,1
connecting flue pipe

0 N O o WON -

collector segment j,1

Figure 5 — Example of cascade arrangement and numbering of heating appliances and collector
segments

14.2.2 Positive pressure cascade installation

The following formulas shall be fulfilled for each collector segment j, 1 at all relevant working conditions:

Proecji — Proc| <01, in Pa (44a)
NG/
FProcjy = Proji+ z (PRC,j,n - R—|C,j,n) ,in Pa (44b)
n=I/
Proec,ji = Bvoc,jy — Bujy — Fsejy» In Pa (44c)
where

Pzocj)  positive pressure at the flue gas inlet into the collector segment j, |, in Pa

Pucjn  theoretical draught due to chimney effect in collector segment j, n, in Pa
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Prcjn pressure resistance of the collector segment j, n, in Pa

Pwocjy  calculated positive differential pressure of the heating appliance j, I, in Pa

Pyj, calculated pressure resistance of the connecting flue pipe of the heating appliance j, I, in Pa
Py calculated pressure resistance of the air supply for the heating appliance j, |, in Pa

Pzoecji  maximum differential pressure at the flue gas inlet into the collector segment j, I, in Pa

P70 positive pressure at the inlet of the chimney segment j, in Pa

NC; number of heating appliances of the collector j
14.3 Mass flow requirement
Formulas (45) and/or (46) shall be verified for all relevant working conditions (see 5.6).
For each heating appliance in operation at nominal or minimum heat output:

Myej = iy )+ in kgls (45)
and for each heating appliance out of action:

Ny = 0, in kg/s (46)
where

e,y calculated mass flow of the heating appliance j,|, in kg/s

M i) declared mass flow of the heating appliance j,|, in kg/s

Where a damper is applied, flow resistance shall be taken as 0 unless additional data are available.
14.4 Pressure requirements

14.4.1 Negative pressure chimneys

For negative pressure cascade installations it has to be additionally checked that the negative pressure
(draught) in the collector (P ;) is more than or equal to the negative pressure in the room where the heating
appliance is placed at calculated draught conditions for air supply. The check on the pressure requirement
shall be done using the same conditions as specified for the check on the mass flow requirement (see 14.3
and 14.6). The following relations shall be verified:

Pycj) 2 Fagjy» in Pa (47)
where
Py draught at the inlet into the collector segment j,I, in Pa
Pggji calculated pressure resistance of the air supply for the heating appliance j,|, (see 12.2.4), in
Pa

If required it has to be additionally checked that the negative pressure (draught) in the collector (Pzcmax;,) is
less than or equal to the maximum allowed draught (Pzecmaxj) Caused by the heating appliance. The relation
(47a) shall be verified for all relevant working conditions (see 5.6).
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The check of this pressure requirement shall be done with a separate calculation using the newly calculated
flue mass flows that fulfii the pressure equilibrium conditions at an external air temperature of
T, = 258,15 K (#. = -15 °C, see EN 13384-1).

NG

Prcmaxj) = F2j + Z (PHC,j,n - PRC,j,n)S Pimax.js + Roji + Fac,j) = Precmax,j, in Pa (47a)
n=/
where
Pzcmaxj maximum draught at the flue gas inlet into the collector segment j I, in Pa
Pzj draught at the flue gas inlet to the chimney segment j, in Pa
Prcjn theoretical draught due to chimney effect in collector segment j,n, in Pa
Preijn pressure resistance of the collector segment j,n, in Pa
Pyymaxij maximum draught of the heating appliance j, |, in Pa
Py, calculated pressure resistance of the connecting flue pipe of the heating appliance j, I, in Pa
Pggji calculated pressure resistance of the air supply for the heating appliance j,| (see 12.2.4), in Pa
Pzecmaxiy maximum allowed draught at the flue gas inlet into the collector segment j, |, in Pa
NC; number of heating appliances of the collector j
NOTE The values of Phcjn and Prcjn in Formulas (43) and (47a) are normally different because the conditions are
different.

14.4.2 Positive pressure chimneys

For positive pressure cascade installations it has to be additionally checked that the maximum positive
pressure in the connecting flue pipe and in the collector is not higher than the excess pressure for which both
are designated. The check on the pressure requirement shall be done using the same conditions as specified
for the check on the mass flow requirement (see 14.3 and 14.6). The following relations shall be verified:

Pz0cj < Pzc excess, iN Pa (47b)
Pzocj + Pvji S Pzy excess: IN Pa (47c)
where
Pzoc positive pressure at the flue gas inlet to the chimney segment j, in Pa
Py, calculated pressure resistance of the connecting flue pipe of collector segment j,l, in Pa

Pzcexcess 1S the maximum allowed pressure from the designation of the collector, in Pa

Pzyexcess 1S the maximum allowed pressure from the designation of the connecting flue pipe, in Pa

If required it has to be additionally checked that the positive pressure in the collector (Pzocminj,) is more than or
equal to the minimum allowed positive pressure (Pzoce minj)) caused by the heating appliance. The relation
(47d) shall be verified for all relevant working conditions (see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly calculated

flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7, = 258,15 K (1.
=-15 °C, see EN 13384-1).
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NG
Frocmin) = Froj + z (PRC,j,n - PHC,j,n) 2 Byominj) — Facj) = B, = Fzocemin,ji - In Pa (47d)

n=/
where

Pzocminjs  mMinimum positive pressure at the flue gas inlet into the collector segment j,I, in Pa

Pzoceminj, minimum differential pressure at the flue gas inlet into the collector segment j I, in Pa

Prcijn theoretical draught due to chimney effect in collector segment j,n, in Pa

Prcjn pressure resistance of the collector segment j,n, in Pa

Pwomin,j, minimum differential pressure of the heating appliance j,|, in Pa

Pyl calculated pressure resistance of the air supply for the heating appliance j,l, in Pa

Py, calculated pressure resistance of the connecting flue pipe of collector segment j |, in Pa

NOTE The values of Pucjn and Prcjjn in Formulas (44b) and (47d) are normally different because the conditions are
different.

14.5 Temperature requirement
The relations 48 shall be verified for all relevant working conditions (see 5.6).
The check of the temperature requirement shall be done with a separate calculation using the newly

calculated flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7, =
T,

uo-
Tiob,j,l > Tg,j,l “in K (48)
where

Tiojy temperature of the inner wall of the collector segment j,| at the end, in K

Ty temperature limit for collector segment j|, in K

The temperature limit T, suitable for operating under dry conditions is equal to the condensing temperature
Tspj1 Of the flue gas (see 8.6): Ty = Tepji

The temperature limit 7y, suitable for operating under wet conditions is equal to the freezing point of water:
Tg’“ = 273,15 K.

14.6 Calculation procedure
For the calculation procedure see 5.6.

14.7 Pressures at the outlet of the connecting flue pipe and pressures at the inlet of the
collector segment

14.7.1 Pressure at the flue gas inlet into the collector segment (P j, or Pzoc,)
14.7.1.1 Draught

The minimum and maximum draught at the inlet of the collector segment j,I (Pzcji and Pzcmaxj) shall be
calculated using Formulas (43) and (47a).
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14.7.1.2 Positive pressure

The maximum and minimum differential pressure at the inlet of the collector segment j,| (Pzoc i and Pzocmin,j)
shall be calculated using Formulas (44b) and (47d).

14.7.1.3 Draught due to chimney effect in the collector segment (Pyc;,)

The draught due to chimney effect Py, in collector segment j,I shall be calculated with the following formula:

Pucji=Hcji- g (pL- pmcy), in Pa (49)
where
Hcj, effective height of collector segment I, in m
g acceleration due to gravity = 9,81, in m/s?
oL density of external air, in kg/m3
PmCj) average density of flue gas in section j,I, in kg/m3

14.7.1.4 Pressure resistance in the collector segment (Pgc,)
14.7.1.41 General

The pressure resistance Prcj, in collector segment j,I shall be calculated with the following formula:

L) Pmc,jl 2 .
Freji = SE[V/C,j,I D —+ Z(c,j,lj—mz J Wejs T Sewmc,iiPiac,ii + Seccjifec,j - in Pa (50)
hC,j,l
where
Pacjy change of pressure due to change of flue gas velocity from collector segment j,I to section j,I+1, in Pa
Piscji pressure loss due to mixing of flue gas in the area of the inlet into collector segment j,I+1, in Pa
Se flow safety coefficient

Seacji  flow safety coefficient for change of pressure caused by change of velocity of the flue gas
(Secc,i = Se for Pecjy 2 0; Seacj = 1,0 for Pgcj < 0)
Semc,jy  flow safety coefficient for change of pressure caused by flow passing a connection

(Semc,jy = Se for Pyscj) 2 0; Semc i = 1,0 for Pyscj) < 0)

Weiy coefficient of friction of the flue of the collector segment i,

Lej, length of the collector segment j,I, in m

Dncjj internal hydraulic diameter of the collector segment j,I, in m

ey sum of pressure resistance coefficients of the collector segment j,|
PmCij) average density of flue gas in collector segment I, in kg/m3

wme,ji  average velocity of flue gas in collector segment j,I, in m/s

At the last collector segment j,NCj (to the chimney inlet) put Py3; instead Pisc jng;

where

Py3; pressure loss due to the change of flue direction and mixing of the flue gas in the area of the inlet into
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chimney segment j, in Pa

14.7.1.4.2 Coefficient of flow resistance due to friction of the flue (y)

For the calculation of the coefficient of friction of the flue of the collector segment j (yc;) see EN 13384-
1:2015, 5.10.3.3. For the determination of the mean value for roughness of the inner wall (collector segment
and connecting flue pipe) see EN 13384-1:2015, Table B.4.

14.7.1.4.3 Pressure resistance coefficients

For the calculation of the pressure resistance coefficients see EN 13384-1:2015, Table B.7.

14.7.1.4.4 Pressure change in flue gas due to change of the flue gas velocity (Pgc,)

For the calculation of the pressure change in flue gas due to change of the flue gas velocity (Pscj,) see
EN 13384-1:2015, 5.10.3.2.

The change of pressure Pg; from collector segment j,| to j,I+1 shall be calculated with the following formula:

Pmcjl+1 2 Pmcjl 2 .
Fec,ji = m2] “Wine,jl+1 _%‘Wmc,j,l' in Pa (81)

At the last collector segment j,NCj (to the chimney inlet):

Pmj 2 PmCjNC] 2 .
Fscjng = o “Whj Ty “Wncjngj» in Pa (52)

where

pmc,ji average density of flue gas in collector segment j,I, in kg/m3
wme,ji average velocity of flue gas in collector segment j I, in m/s
Pmj average density of flue gas in chimney segment j, in kg/m3

W, average velocity of flue gas in chimney segment j, in m/s

14.7.1.4.5 Pressure loss due to mixing of flue gas in the area of the inlet of the collector segment
(P13c )

The pressure loss due to flue gas mixing at the inlet of the collector segment Pi3, is included in the pressure
resistance of the collector segment before this inlet and it shall be calculated with the following formulas:

PmCjl+1 2 .
Pacji = :13C,j,l+1 '—2 “Wnc,jj+1- N Pa (83)
) 2 . 2 4y 4 1
Ciacjper =0.03- [ 1-—AEL || L2462 | “SH T o8y g - 1]-0,38| 1- |
me i1+ Me 141 \,j 1+ AV,j,I+1
AC _1 . .
4oz g1+ ) 'V,j,|+1‘ 1_ 'V,j,|+1 (54)
AV,j,I+1 Mme i1+ Me i1+
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>1; 0< T 240000 < g jpr <90°

with AV MC,j 11

AC,],|+1 < 1

For Ay j1ea the individual resistance of the junction shall be determined as the sum of the individual
resistances of a cross-section reduction (see EN 13384-1:2015, Table B.8, shape 6 and 8) and a junction

AC,j,I+1 -1

AV,j,I+1
where

Acji+1 cross sectional area of the collector segment j,1+1, in m?
Ay ji+1 cross sectional area of the connecting flue pipe j,I+1
7C,jj+1 angle of the connection between the connecting flue pipe j,I+1 and the collector segment j,1+1, in °

(13c j i+ pressure resistance coefficient of the connection between the connecting flue pipe j,1+1 and the
collector segment j,1+1

PmC,j1+1 average density of the flue gas in collector segment j,I+1, in kg/m3
Wmc,j,1+1 average velocity of the flue gas in collector segment j,1+1, in m/s

1y 141 flue gas mass flow in connecting flue pipe j,1+1, in kg/s

MG 141 flue gas mass flow in collector segment j,I+1, in kg/s

14.7.1.4.6 Pressure loss due to the change of flue direction and mixing of the flue gas in the area of
the inlet to the chimney segment (P.3)

For the calculation of pressure loss due to the change of flue direction and mixing of the flue gas in the area of
the inlet to the chimney segment (Py3;) see 12.2.3.3.

In Formula (40) put Acjnc;j instead of 4y; and Mc,iNCiinstead of "'V.i

where
Acjng cross sectional area of collector segment j,NCj, in m?
ijNCj flue gas mass flow in collector segment j,NC;j, in kg/s

14.7.1.5 Pressure at the inlet of the chimney segment (Pz; and Pznaxj Or Pzoj and Pzomin,j)
14.7.1.5.1 Draught

For the calculation of minimum and maximum draught at the inlet of the chimney segment (Pz; and Pznay) S€€
12.1.1.

. . . ; V,j+l
In Formula (35) put 4¢ j+1 ncj+1 instead of 4y j+4 and Ml NG instead of g+l

where

Ac j+1,NCj+1 cross sectional area of collector segment j+1,NCj+1, in m?
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mC’H’NCH flue gas mass flow in collector segment j+1,NCj+1, in kg/s

14.7.1.5.2 Positive pressure

For the calculation of the maximum and minimum differential pressure at the inlet of the chimney segment
(Pz0; and Pzominj) See 12.1.2.

i . i 1y o1
In Formula (35) put A¢ j+1 ncj+1 instead of Ay .4 and Ml NGl instead of " V.i+

where

Ac j+1,NCj+1 cross sectional area of collector segment j+1,NCj+1, in m?

mCJH,NCjH flue gas mass flow in collector segment j+1,NCj+1, in kg/s.

14.7.2 Pressures required or available at the outlet of the connecting flue pipe (Pzec i, Pzoec,,)

14.7.2.1 Required draught

The required draught Pz, at the outlet of the connecting flue pipe j,I is the sum of the calculated draught
Pyw.j) of heating appliance j,| and the calculated pressure resistance of the flue gas pipe Pyj, and the
calculated pressure resistance of the air supply Pggj; and it shall be calculated using Formula (44).

14.7.2.2 Available positive pressure

The maximum differential pressure (available positive pressure) Pzoecj at the outlet of the connecting flue
pipe j,| is the difference of the calculated positive pressure differential Pwocj, of the heating appliance j,| and
the sum of the calculated pressure resistance of the flue gas pipe Py, and the calculated pressure resistance
of the air supply Pg.j, and it shall be calculated using Formula (44c).

14.7.2.3 Calculated pressure resistance of the connecting flue pipe (Py,)

14.7.2.3.1 General

The calculated pressure resistance of the connecting flue pipe Py, shall be calculated with the following
formula:

Pyj) = Pryjj - Puvj) ' in Pa (55)
14.7.2.3.2 Draught due to chimney effect in the connecting flue pipe (Puv,,)
See EN 13384-1:2015, 5.11.3.2.
14.7.2.3.3 Pressure resistance of the connecting flue pipe (Prv,,)
The pressure resistance of the connecting flue pipe Pry; shall be calculated with the following formula:
Frvji = Se H‘/’v,u ﬂ + ng,j,ljmwriv,j,l} + Semv,jiFos jy + Seov,jifov,j » in Pa (56)
Dy, 2

The pressure difference Pgy;, is due to the difference between the velocity of flue gas in the connecting flue
pipe and in the corresponding collector segment j. It shall be calculated with the following formula:
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Fovji == Wmcjl —— " Wmv,j» N Pa (57)

Sg flow safety coefficient
Seavjy  flow safety coefficient for change of pressure caused by change of velocity of the flue gas
Seev,j) = Se for Payj) 2 0; Sgav, = 1,0 for Pgyj <0

Semvy,  flow safety coefficient for Pasc ) (Semv,j = Se for Pascji 2 0; Semy, = 1,0 for Pascj) < 0)

W) coefficient of friction of the flue gas pipe j,I

Ly length of the connecting flue gas pipe j,l, in m

Drvjy internal hydraulic diameter of flue gas pipe, in m

2vj) sum of resistance coefficients of the connecting flue pipe (exclusive of the mixing effects at the inlet
to the chimney)

Pmv,jl average density of the connecting flue gas in the flue gas pipe, in kg/m3

W average velocity of the connecting flue gas in the flue gas pipe, in m/s

The pressure loss P,sc is due to the change of flow direction and mixing of flue gas in the area of the inlet
into collector segment j,I. It shall be calculated with the following formulas:

Pemijl 2 .
Prsc i) = Cascji '%'Wmc,u ,inPa (58)

2 2 2 -
i, - my, . A.. A.. A.. )
Cep = —0,92-[ 1-—25 | —| 2| 01,2 | i cos y, =1 [+0,8:| 1| =2 | |- 1-| =2 ELTIR Yei
M) Mc;) AV,j,l Av,j,l Av,j,l AV.j,l

a7 )
oo Ac,,q} 'mV,j,I'[,]_mV,j,IJ (59)

For “Vil the individual resistance of the junction shall be determined as the sum of the individual
resistances of a cross-section reduction (see EN 13384-1:2015, Table B.8, shape 6 and 8) and a junction

AC,j,I -1

{o3c) pressure resistance coefficient for change in flue gas direction and mixing at the area of flue gas
inlet into collector segment j,|

PmCj) average density of the flue gas in collector segment jI, in kg/m3

Wmejl average flue gas velocity in collector segment j,I, in m/s

43



BS EN 13384-2:2015
EN 13384-2:2015 (E)

mvn flue gas mass flow in connecting flue pipe j,I, in kg/s

e i flue gas mass flow in collector segment j,I, in kg/s

Ay cross sectional area of connecting flue pipe j,l, in m?

Acjy cross sectional area of collector segment j |, in m?

YCil angle of connection between connecting flue pipe and the collector segmentj,l, in °

14.7.2.3.4 Coefficient of flow resistance (¢)
For the calculation of the coefficient of flow resistance () see EN 13384-1:2015, 5.10.3.4.
14.7.2.4 Pressure resistance of the air supply (Pg},)

For the calculation of the pressure resistance of the air supply (Pg,) see EN 13384-1:2015, 5.11.4.

14.8 Inner wall temperature (Zionc )

For the calculation of the inner wall temperature (Tionc ) see EN 13384-1:2015, 5.12.

15 Balanced flue chimney

15.1 Principle of the calculation method

The calculation is based upon determining the mass flow distribution of the flue gas in the chimney and the
mass flow distribution of the supply air in the air supply duct which fulfils the pressure equilibrium condition at
each flue gas inlet to the chimney (see Figure 6). After such a distribution has been found three requirements
shall be verified:

a) the mass flow requirements (Formulas (4) and (5))

b) the pressure requirement for the flue gas for minimum draught or maximum positive pressure (Formulas
(61) or (61a) and (61b))

c) the pressure requirement for maximum draught or minimum positive pressure (Formulas (6a) or (6d))

d) the temperature requirement (Formula (7))

15.2 Pressure equilibrium condition

For negative pressure chimneys the Formulas (1), (2) and (3) shall be fulfilled at all relevant operating
conditions for each chimney segment j and also at the pressure equalizing opening for which j = 0 shall be
used.

For positive pressure chimneys the Formulas (3a), (3b) and (3c) shall be fulfiled at all relevant operating
conditions for each chimney segment j. The pressure resistance for the air supply of the heating appliance j
connected to a balanced flue chimney Pg; shall be calculated using the following formula:
N
Byej= Z(PRB,k + PHB,k)+ (PRBV,j + PHBV,j) ,in Pa (60)

k=j

where
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Pgg; pressure resistance of the air supply of the heating appliance j, in Pa

Prpk pressure resistance of the air supply duct of the chimney segment k, in Pa

Pugx draught due to chimney effect in the air supply duct of chimney segment k, in Pa
Prey; pressure resistance of the air supply duct of the connection pipe j, in Pa

Pugy; draught due to chimney effect in the air supply duct of the connection pipe j, in Pa

N number of appliances connected to the chimney

The inlet/outlet construction is assumed to be designed such that wind effects are minimized. Consequently P,
= 0 and is omitted from the formulas.

15.3 Mass flow requirement

The Formulas (4) and (5) shall be fulfilled.
15.4 Pressure requirements

15.4.1 Negative pressure chimneys

For negative pressure chimneys it has to be additional checked that the negative pressure (minimum draught)
in the chimney (Pz;) is more than or equal to the negative pressure in the in air supply duct at the same point.
The check on this pressure requirement shall be done using the same conditions as specified for the check on
the mass flow requirement (see 5.3 and 5.6). The following relations shall be verified:

At all the entry points in the flue and for all the system operating conditions, the following formula shall be
verified:

N
P> Z(PRB,k +R—|B,k)' in Pa (61)
k=j

where

Pz

Prgy  Pressure resistance of the air supply duct of the chimney segment k, in Pa

Draught at the flue gas inlet to the chimney segment j, in Pa

Pgy draught due to chimney effect in the air supply duct of chimney segment k, Pa

If required it has to be additionally checked that the negative pressure (draught) in the chimney (Pzmax;) is less
than or equal to the maximum allowed draught (Pzemax;j) Caused by the heating appliance. The relation (6a)
shall be verified for all relevant working conditions (see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly calculated
flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7| = 258,15 K (1.
=-15 °C, see EN 13384-1).

15.4.2 Positive pressure chimneys

For positive pressure chimneys it has to be additionally checked that the maximum pressure difference
between the connecting flue pipe and/or in the chimney and the air supply duct is not higher than the excess
pressure for which both are designated. The check on the pressure requirement shall be done using the same
conditions as specified for the check on the mass flow requirement (see 5.3 and 5.6). The following relations
shall be verified:
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N
P+ Z(PRB,k + PHB,k)S Preycess » IN Pa (61a)
k=j
N
Ppojt+ R+ Z(PRB,k + PHB,k)+ Frevj+ Bigv,j < Prvexcess » IN Pa (61b)
k=]
where
P70 positive pressure at the flue gas inlet to the chimney segment j, in Pa
Py calculated pressure resistance of the connecting flue pipe of chimney segment j, in Pa
Pzexcess  the maximum allowed pressure from the designation of the chimney, in Pa
Pzvexcess the maximum allowed pressure from the designation of the connecting flue pipe, in Pa
Prpk pressure resistance of the air supply duct of the chimney segment k, in Pa
Pk draught due to chimney effect in the air supply duct of chimney segment k, in Pa
Prav; pressure resistance of the air supply duct of the connection pipe j, in Pa
Pupy; draught due to chimney effect in the air supply duct of the connection pipe j, in Pa
N number of appliances connected to the chimney

If required it has to be additionally checked that the positive pressure in the chimney (Pzomin;) is more than or
equal to the minimum allowed positive pressure (Pzoemin;j) caused by the heating appliance. The relation (6d)
shall be verified for all relevant working conditions (see 5.6).

The check of this pressure requirement shall be done with a separate calculation using the newly calculated
flue mass flows that fulfil the pressure equilibrium conditions at an external air temperature of 7, = 258,15 K (1.
=-15°C, see EN 13384-1).
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P
% / Be, 2
©— __O_v—__e‘\PWC 2+ o2 8
Pre 2-Phg, 2 Pz2%Pze,2 § i_l_|
=0
10 11
______ : / O/Psm
oO—f —O0—— <e‘\PWc,1+PBc,1 12
Prg 1= Pug 1B P21 z2¢1 B o
=13
~— 14 _ )
Key
1  balanced flue chimney 8 heating appliance 2
2  combustion air duct 9 connecting flue pipe 2
3 flue duct 10 chimney segment 1
4 connecting air pipe j 11 connecting air supply pipe
5 heating appliance j 12  heating appliance 1
6  connecting flue pipe j 13 connecting flue pipe 1
7  connecting air supply pipe 2 14  pressure equalizing opening (only for negative pressure chimneys)

Figure 6 — Example for numbering pressure values and temperature values of balanced flue
installations serving more than one heating appliance

15.5 Temperature requirements

The Formula (7) shall be fulfilled.

15.6 Calculation procedure for balanced flue chimneys

For the calculation of the pressure and temperature values in a balanced flue chimney serving more than one
heating appliance an iterative procedure is necessary using pre-estimated values (see 15.8.2.9). This
calculation procedure is based on the procedure as described in 5.6.

Each iteration consists e.g. of the following two phases:
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Phase 1

Calculate variables starting from the lowest node (see Figure 6) up to the outlet to the atmosphere as follows:

48

for negative pressure chimneys at the pressure equalizing opening, if any:

mass flow of the supply air at the pressure equalizing opening

) 2-P,,— B
Mg, = — 20 B0 4, Pgo» inkgls (62)
p(x : é/,O

where

Mg, Mass flow of the supply air in the chimney segment 0, in kg/s

Co

coefficient of flow resistance through the pressure equalizing opening. A value of 3,0 shall be
used unless other values are given by the manufacturer.

Pzo draught in the chimney at the pressure equalizing opening (calculated according to EN 13384-

1:2015, 5.11), in Pa

cross-sectional area of the pressure equalizing opening, in m?

PBo density of the supply air in the chimney segment 0, in kg/m3

Pgp draught in the air supply duct at the pressure equalizing opening, in Pa

in each flue duct and air supply duct of the connection pipes:

mass flow of the flue gas and supply air flow (they are equal to the mass flows at the outlet and inlet
of the appliance);

average density of the flue gas (using Formula (27)) and supply air (see Formula (116));
average velocity of the flue gas (using Formula (28)) and supply air (see Formula (117)) ;

temperature of the flue gas and supply air at the end of the connection pipes (see EN 13384-1:2015,
5.8, or in case of concentric ducts Formulas (97) and (99));

average temperature of the flue gas and supply air (see EN 13384-1:2015, 5.8 or in case of
concentric ducts Formulas (100) and (101)).

in each flue duct and air supply duct of the chimney segments:

mass flow of the flue gas after merging and mass flow of the supply air before splitting using Formula
(8) for flue gas and Formula (63) for supply air;

temperature of the flue gas/air after merging (using Formula (9) for flue gas, whilst the temperature of
the supply air shall be equal upstream and downstream the connection of the air inlet pipe and the
air inlet duct);

average density of the flue gas (using Formula (28)) and supply air (see Formula (116));

average velocity of the flue gas (using Formula (29)) and supply air (see Formula (117));

temperature of the flue gas and supply air at the end of the chimney segments (see Formulas (75)
and (77) or EN 13384-1:2015, 5.8);
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— average temperature of the flue gas and supply air (see EN 13384-1:2015, 5.8 or in case of
concentric ducts Formulas (78) and (79)).

Phase 2

For negative pressure chimneys calculate the real draught values in each node tracking the chimney
backwards from the outlet into the atmosphere down to the node that is at the greatest distance from it:

— draught due to chimney effect of the chimney segment (using Formulas (31) and (104));
— pressure resistance in the chimney segment (using Formula (32));
— draught at the inlet of the chimney segment (using Formula (2));

— pressure resistance in the chimney segment at the pressure equalizing opening, if any (using Formula
(32));

— draught at the inlet of the chimney segment at the pressure equalizing opening, if any, (using Formula

(2)).

For positive pressure chimneys calculate the real pressure values in each node tracking the chimney
backwards from the outlet into the atmosphere down to the node that is at the greatest distance from it:

— draught due to chimney effect of the chimney segment (using Formulas (31) and (104));
— pressure resistance in the chimney segment (using Formula (32));
— positive pressure at the inlet of the chimney segment (using Formula (3b)).

The iteration described above (phase 1 and phase 2) at the working conditions under consideration shall be
continued until the pressure equilibrium condition is fulfilled (Formula (1)).

15.7 Mass flow of the supply air

In each point of connection between the air supply duct of the chimney segments and the air supply duct of
the connection pipes the following formula shall be used:

mB,j+1 = mBV.j + th’j ,in kg/s )
where

; ; mass flow of the supply air in the air supply ducts
g " va,j, g pply pply
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Figure 7 — Pressure loss P,3 due to the change of flow direction and mixing of flue gas in the area of
the inlet into chimney segment j

15.8 Determination of the temperatures in balanced flue chimneys

15.8.1 Separate ducts

When the thermal resistance between the flue duct and the air supply duct is equal to or higher than 0,65
m2K

W  the determination of the temperatures of the flue gas for separate ducts shall be calculated according to
Clause 9. The temperature of the supply air within the air ducts shall be taken equal to the external air

temperature.

When the thermal resistance between the flue duct and the air supply duct is less than 0,65 m%-K/W but equal
to or higher than the thermal resistance of the outer duct walls the determination of the temperatures of the
flue gas for separate ducts shall be calculated according to Clause 9. The mean temperature of the supply air

in the segment j of the air supply duct Tm&.f shall be calculated using the following formula:

1 .
TmB,j :0,7—0,3’ in K (64)
+
71 Tm,j
where
T is the external air temperature, in K
T.. is the mean temperature of the flue gas in the segment j, in K

m,j
Otherwise the determination of the temperatures shall be undertaken in a similar way as described in 15.8.2.

15.8.2 Concentric ducts
15.8.2.1 General
The following calculations are valid for a segment length up to 3 m.

For segments more than 3 m subdivide the construction into more segments and redo the calculation.
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15.8.2.2 Principle of calculation for the determination of the temperature

In addition to procedure described in 5.6 the calculation of the temperatures in the concentric ducts depends
on assuming initial values for unknown temperatures. The formulas in 15.8.2 are used iteratively until the
conditions in 15.8.2.10 are fulfilled.

15.8.2.3 Coefficient of heat transmission between the flue and the air supply passage

For the calculation of the coefficient of heat transmission between the flue and the air supply passage for
concentric ducts (see Figure 8) the following formula shall be used:

1
k= Jin WY (65)
S 1 D m2K
—+ Sy — |+ h
Qi A) Dy, Ay, *Srad
where
kj coefficient of heat transmission between the flue and the air supply passage of the chimney segment
W
j, in m2K
o ¥ coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the chimney
W
segment j, in m2K
Uy coefficient of heat transfer between the supply air and the outer surface of the flue duct of the
W
chimney segment j, in m2K
D, hydraulic diameter of the flue, in m
Dy, hydraulic diameter of the outside of the flue duct, in m
Sy correction factor for temperature instability

1 W
(Aj thermal resistance of the flue duct, in m2K

correction factor for radiation from the outer surface of the flue duct to the inner surface of the air
supply duct

For balanced flue chimneys with concentric ducts the correction factor Sy shall be taken as 1.

In order to account for the effects of radiation from the outer surface of the flue duct to the inner surface of the
air supply duct the calculation of the coefficient of heat transmission & includes a correction factor for radiation
Sraq, for which the value 2 shall be taken.

For chimney segments in which the inner wall temperature of the flue duct is always lower than the
condensing temperature of the flue gas the value S,.q = 1 should be taken.

For a more detailed evaluation of the heat transfer by radiation see EN 13384-1:2015, 7.8.3.
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flue (with flue gas)

flue duct

air supply passage (with supply air)
air supply duct
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ambient air

Figure 8 — Definition of the symbols used for the calculation of concentric balanced flue systems

For the calculation of the coefficient of heat transfer between the supply air and the outer surface of the flue
duct of the chimney segment j a,; the following formulas shall be used:

o, - Aoy Nitay o w (66)
’ D m“K
with
4
hB :—AB ,inm (67)
U, +Ug
I 0,16
Nua’j == 0,86 . [ﬂj . NuB’J (68)
ha
and
0,67 b 0,67
Nug, =|—281 | .0,0214 (Rey *® ~100). P, % | 1+ 222 (69)
¥ smoothB, j L,J'
with
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~ W, Dng " Prsj (70)

s

coefficient of heat transfer between the supply air and the outer surface of the flue duct of the
w

chimney segment j, in m

W
thermal conductivity of the supply air in the chimney segment j, in m-K
Nusselt number for the outside of the flue duct of the chimney segment j
hydraulic diameter of the air supply passage, in m
cross-sectional area of the air supply passage, in m?
circumference of the inside of the air supply duct, in m
circumference of the outside of the flue duct, in m
hydraulic diameter of the outside of the flue duct, in m
Nusselt number for a reference pipe flow

the higher of the value of the coefficient of friction of the inside of the air supply duct and the
outside of the flue duct of the chimney segment j

coefficient of friction of the air supply for hydraulically smooth flow of the chimney segment j
Reynolds number of the air supply passage of the chimney segment j

Prandtl number of the supply air in the chimney segment |

length of the chimney segment j, in m

average velocity of the supply air in chimney segment j, m/s

average density of the supply air in chimney segment |, kg/m3

dynamic viscosity of the supply air in chimney segment j, Ns/m?

53



BS EN 13384-2:2015
EN 13384-2:2015 (E)

15.8.2.4 Coefficient of heat transmission between the supply air and the ambient air

The coefficient of heat transmission between the supply air and the ambient air shall be calculated using the
following formula in case of concentric ducts:

1 ( 1 } Dig m2-K
-+ SH J — NEp— ] - R
oy AJg Dpgg -0
where
kg coefficient of heat transmission between the supply air and the ambient air of chimney segment j,
w
in m2 -K
g coefficient of heat transfer between the supply air and the inner surface of the air supply duct of
W
chimney segment j, in M>-K
%) K
AJg thermal resistance of the air supply duct, in m? K
Di.g hydraulic diameter of the outside of the air supply duct, in m
Dyg hydraulic diameter of the inside of the air supply duct, in m
Ogp) coefficient of heat transfer between the outside of the air supply duct and the ambient air, in
w
m?-K
Sh correction factor for temperature instability

For balanced flue chimneys with concentric ducts the correction factor S, shall be taken as 1.

For the calculation of a;5; the following formula shall be used:

- Nita
o = 22 My W (72)
' DhB m- - K
with
D 0,6
’ DhiB ’

and Nug; according to Formula (69) and Dy according to Formula (70).

where

Agj W
thermal conductivity of the supply air in of the chimney segment j, in m? K

Nuig; Nusselt number for the inside of the air supply duct of the chimney segment j

Nug; Nusselt number for a reference pipe flow
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Dig hydraulic diameter of the air supply passage, in m
Dyig hydraulic diameter of the inside of the air supply duct, in m
Dy, hydraulic diameter of the outside of the flue duct, in m

15.8.2.5 Cooling value of the flue duct

The cooling value of the flue duct shall be calculated using the following formula:

k] * U * LJ
K =—— (74)
M Cp,j

where
K; cooling value of the flue duct of the chimney segment j
k; coefficient of heat transmission between flue and the air supply passage of the chimney segment j, in

w

m? -K
U circumference of the flue, in m
L; length of the chimney segment j, in m
mj mass flow of the flue gas in the chimney segment j, in kg/s
Cp)j J
specific heat capacity of the flue gas in the chimney segment j, kg-K
15.8.2.6 Cooling value of the air supply duct
The cooling value of the air supply duct shall be calculated using the following formula:
b U - L, -
Ky =1 Ve ey (75)
Mg, CpB,j
where
Kg; cooling value of the air supply duct of the chimney segment j
ks coefficient of heat transmission between the supply air and the ambient air of the chimney segment
W

j, in m2.K
Ug circumference of the inside of the air supply duct, in m
Lg; length of the chimney segment j, in m
mBj mass flow of the supply air in the chimney segment j, in g/s
Cpj J

specific heat capacity of the supply air in the chimney segment j, in kg-K
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15.8.2.7 Flue gas temperature at the end of the chimney segment

The flue gas temperature at the end of the flue duct of chimney segment j shall be calculated using
Formula (76) when starting the iteration from an initial estimate for each Tg;

(2-k,)@2+K&g;) T, + 2-K;-(E; - T,;+2-T,

e,j T Kg | 7:”)

,inK (76)

0,
(2+k,)2+kg;) + 2-K; E,
or Formula (77) when starting the iteration from an estimate for T

(2-k,)-@2-Ke;)T,, - 2-K,-(E; T, -2 Tpg; +Kg, - T;)

- ,inK (77)
0,]
2+K;)2-Kay) - 2-K -
m.-c.
Ej=—1_Pl (78)
Mg j " CpB,j

where
T, temperature of the flue gas at the end of the chimney segment j, in K
T, temperature of the flue gas at the beginning of the chimney segment j, in K

temperature of the supply air at the end of chimney segment j, in K

Ts;  temperature of the supply air at the beginning of the chimney segment j, in K

T, ambient air temperature of the chimney segment j, in K

K; cooling value of the flue duct of the chimney segment j

Kg; cooling value of the air supply duct of the chimney segment j

m’j mass flow of the flue gas in the chimney segment j, in kg/s

Cpj J
specific heat capacity of the flue gas in the chimney segment j, in kg-K

rg, ~Mass flow of the supply air in the chimney segment j, in kg/s

J

CpB,j J
specific heat capacity of the supply air in the chimney segment j, in kg-K

E; heat flux ratio between the flue gas and the supply air in the chimney segment |

The supply air temperature at the end of the chimney segment j for concentric ducts shall be calculated using
Formula (79) when starting the iteration from an initial estimate for each Teg

2
B.j —?(T

e,
i

T,

OB,j:Te,J+TO,J_T ]_TO,J)’InK (79)

e
or Formula (80) when starting the iteration from an estimate for Tog 4

T ), inK (80)

eB,j =T

e

+T,

ej 7o)
3|

2
N _ToB,j _F(T i~ 1.

where
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T,; temperature of the flue gas at the end of chimney segment j, in K

T, temperature of the flue gas at the beginning of chimney segment j, in K

T,z;  temperature of the supply air at the end of chimney segment j, in K

Tej  temperature of the supply air at the beginning of chimney segment j, in K

K; cooling value of the flue duct of chimney segment j

NOTE The formulas above are derived assuming that the heat exchange can be approximately calculated from the

difference in mean temperatures.
15.8.2.8 Temperature of the flue gas averaged over the length of a chimney segment

The temperature of the flue gas averaged over the length of the chimney segment j for a concentric duct shall
be calculated using the following formula:

T .= —Te'j + TE)’J

- S inkK (81)

where

Tm; temperature of the flue gas averaged over the length of the chimney segment j, in K

T,. temperature of the flue gas at the end of the chimney segment j, in K

0,

T,; temperature of the flue gas at the beginning of chimney segment j, in K

15.8.2.9 Temperature of the supply air averaged over the length of a chimney segment

The temperature of the supply air averaged over the length of the chimney segment for a concentric duct shall
be calculated using the following formula:

To +1T g
Trog, :¥, in K (82)

where

Tmej temperature of the supply air averaged over the length of chimney segment j, in K
T,

0B,j

TeB,j

temperature of the supply air at the end of chimney segment j, in K

temperature of the supply air at the beginning of chimney segment j, in K

15.8.2.10 Iteration

For the calculation of 7,; and T,g; it is necessary to know the relevant supply air temperatures 7., for all
nodes. For the supply air temperature at the entrance of the topmost chimney segment Nseg the following
formula shall be used:

TeB,Nseg =T.,inK (83)

Starting from an initial estimate for 7Teg; use the Formulas (64) to (82) repeatedly, adapting Tegj for j < Nseg
until the following conditions are fulfilled:

TeB,j _TOB,j+1 < N

seg

for j < Nseg , in K (84)
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and when calculating the supply air temperatures from the bottom to the top of the concentric balanced flue
chimney use:

Togj = Tepjt forj>1,inK )

Tog,1 shall be searched for iteratively until the following condition is fulfilled:

Tegnseg — 1L <1,inK (86)
where
Tesnseg  temperature of the supply air at the entrance of chimney segment Nseg, in K
T, temperature of the external air, in K
Tegj temperature of the supply air at the entrance of chimney segment j, in K
Tog j+1 temperature of the supply air at the end of chimney segment j+1, in K
Nseg number of chimney segments used in the calculation
NOTE Other mathematical methods for solving the Formulas (64) to (83) can be used as long as the conditions (86)

and (88) are fulfilled.

15.8.3 Concentric connection pipes

15.8.3.1 Coefficient of heat transmission between the flue and the air supply passage of concentric
connection pipes

The coefficient of heat transmission between the flue gas and the supply air of concentric connection pipe j
shall be calculated using the following formula.

ky, = ,in (87)

J
D., . m
i+SH (1j + nv.j
Ay i 4 vi Dhavj v, *Stad

1 W
2 K

where
ky; coefficient of heat transmission between the flue gas and the supply air of the connection pipe j, in
w
m? -K
Sh correction factor for temperature instability

1 w
[Aj\,’j thermal resistance of the flue duct of the concentric connection pipe j, in m2 -K

Dyy; hydraulic diameter of the flue of concentric connection pipe j, in m
Dpay; hydraulic diameter of the outside of the flue duct of the concentric connection pipe j, in m

iy coefficient of heat transfer between the flue gas and the inner surface of the flue duct of the
W

. . . .o 2
concentric connection pipe j, in M ‘K
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Ay coefficient of heat transfer between the supply air and the outer surface of the flue duct of the

concentric connection pipe j, in M -K
Srad correction factor for the heat transfer by radiation
For concentric connection pipes the correction factor Sy shall be taken as 1.
In order to account for the effects of radiation from the outer surface of the flue duct to the inner surface of the
air supply duct of the concentric connection pipes the calculation of k; includes a correction factor for radiation
Srag, for which the value 2 shall be taken.

For concentric connection pipes in which the inner wall temperature of the flue duct is always lower than the
condensing temperature of the flue gas the value S,.4 = 1 should be taken.

For a,y; the following formula shall be used:

-+ Nu.., .
oy = Agy ;- Nugy i \Z/V (88)
’ Dypv, m*-K
with
4. .
Drpvj Zﬂ, inm (89)
Uavj +Upgy;
D 0,16
Nuav!j = 0,86 . (ﬁj . NuBV‘J y (90)
hVa,j
and
0,67 D 0,67
VBv,j 0,8 0,4 hBV, j
Nugy ; = [—’} -0,0214 - (ReBV’j —100)- Prgy | -(1 +—’j (91)
¥ smoothBV, j V.j
Wav,j - Dhav,j
VBv,j
where
ABV,j _W
thermal conductivity of the supply air in the concentric connection pipe j, in m? K
Nty Nusselt number for the outside of the flue duct of the connecting air pipes j
Dhgy; hydraulic diameter of the air supply passage of the concentric connection pipe j, in m
Agy; cross-sectional area of the air supply passage of the concentric connection pipe j, in m?
Dhyaij hydraulic diameter of the outside of the flue duct of the concentric connection pipe j, in m
Upy, circumference of the inside of the air supply duct of the concentric connection pipe j, in m
Uayi, circumference of the outside of the flue duct of the concentric connection pipe j, in m
Nugy Nusselt number for a reference pipe flow for concentric connection pipe j
Ve the higher of the value of the coefficient of friction of the inside of the air supply duct and the
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outside of the flue duct of the concentric connection pipe j

YsmoothBVj coefficient of friction of the air supply passage of the concentric connection pipe j for
hydraulically smooth flow

Regy Reynolds number of the air supply passage of the concentric connection pipe j

Prgy; Prandtl number of the supply air in the concentric connection pipe j

Ly, length of the concentric connection pipe j, inm

15.8.3.2 Coefficient of heat transmission between the supply air and the ambient air for concentric
connection pipes

15.8.3.2.1 General

The coefficient of heat transmission between the supply air and the ambient air for concentric connection
pipes shall be calculated using the following formula:

1
kgy,j = ,in \2/V (93)
+Sy|| — +
Qv A BV,j DhaBV,j *OaBv,j
where
kgy coefficient of heat transmission between the supply air and the ambient air for the concentric
w
connection pipe j, in M~ -K
iy coefficient of heat transfer between the supply air and the inner surface of the air supply duct of the
w
concentric connection pipe j, in m? K
%) S
A Jgy; thermal resistance of the air supply duct of the concentric connection pipe j, in m? -K
Dygy; hydraulic diameter of the air supply passage of the concentric connection pipe j, in m
Dhapy, hydraulic diameter of the outside of the air supply duct of the concentric connection pipe j, in m
SH correction factor for temperature instability
Oapy coefficient of heat transfer between the outside of the air supply duct of the concentric connection
w
pipe j and the ambient air, in m? -K
For concentric connection pipes the correction factor S, shall be taken as 1.
For the calculation of a;yg; the following formulas shall be used:
Agv - Nugyj w
gy = —————,in — (94)

with
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0,6
D . .

hiB,j

Nugy; according to (91) and Dygy,j according to (92).

where

Ay W
thermal conductivity of the supply air in the concentric connection pipe j, in m?-K
Nugy | Nusselt number for a reference pipe flow for the concentric connection pipe j
Nuigy;  Nusselt number of the inside of the air supply duct of the concentric connection pipe j
Dhgy; hydraulic diameter of the air supply passage of the concentric connection pipe j, in m
Dygy;  hydraulic diameter of the inside of the air supply duct of the concentric connection pipe j, in m

Dpay; hydraulic diameter of the outside of the flue duct of the concentric connection pipe j, in m

15.8.3.2.2 Cooling value of the flue duct of concentric connecting pipes

The cooling value of the flue duct of concentric connecting pipes shall be calculated using the following
formula:

ko U L, .
Kv,j = w (96)
My i~ Covj
where
Ky, cooling value of the flue duct of the concentric connection pipe j
ky; coefficient of heat transmission between flue and the air supply passage of the concentric
w
connection pipe j, in M~ -K
Uy, circumference of the flue of the concentric connection pipe j, in m
Ly; length of the concentric connection pipe j, in m
mvj flue gas mass flow in the concentric connection pipe j, in kg/s
Covj J

specific heat capacity of the flue gas in the concentric connection pipe j, in kg-K

15.8.3.2.3 Cooling value of the air supply duct of concentric connection pipes

The cooling value of the air supply duct of the concentric connection pipe j shall be calculated using the
following formula:

Koy, = (97)

Mgy,j * CoBv,j

where
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Kay; cooling value of the air supply duct of the concentric connection pipe j
kgy,; coefficient of heat transmission between the supply air and the ambient air for the concentric
w
connection pipe j, in m” K
Uy circumference of the inside of the air supply duct of the concentric connection pipe j, in m
Ly, length of the concentric connection pipe j, inm
vaj mass flow of the supply air in the concentric connection pipe j, in kg/s
CpBVj J

specific heat capacity of the supply air in the concentric connection pipe j, in kg-K

15.8.3.3 Flue gas temperature at the end of the flue of concentric connection pipes (7,v,;)

The flue gas temperature at the end of the flue of the concentric connection pipe j shall be calculated using
the following formula:

_(2-Ky;)-(2+Kgy ) Ty +2- Ky (Evy - Ty +2- Topy + Koy Tov,)

Tov, ,in K (98)
with
My Coy.j
Ey;= —L PN (99)
Mgy j * CpBV,j
TeBV,j :ToB,j (100)
where
Tov, temperature of the flue gas at the end of the flue of the concentric connection pipe j, in K
Tw, temperature of the flue gas at the outlet of the appliance j, in K
Tepy temperature of the supply air at the beginning of the concentric connection pipe j, in K
Ty, temperature of the ambient air of the concentric connection pipe j, in K
Kv; cooling value of the flue duct of the concentric connection pipe j
L CW cooling value of the air supply duct of the concentric connection pipe j
mv,‘ mass flow of the flue gas in the concentric connection pipe j, in kg/s
CpVj _J
specific heat capacity of the flue gas in the concentric connection pipe j, in kg-K
mBVj mass flow of the supply air in the concentric connection pipe j, in kg/s
CpBV,j J
specific heat capacity of the supply air in the concentric connection pipe j, in kg-K
Evy; heat flux ratio between the flue gas and the combustion air in the concentric connection pipe j
ToB, temperature of the supply air at the end of chimney segment j, in K

NOTE 1 The Formulas (98) is derived assuming that the heat exchange can be approximately calculated from the
difference in mean temperatures.
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The supply air temperature at the end of the air supply passage of the concentric connection pipe j shall be
calculated using following formula:

2 .
Togy;=Twj+Tov;—Tepy, _K_(Tw,j - ToV,j)’ in K (101)

Vi

where

Tov; temperature of the flue gas at the end of the flue of the concentric connection pipe j, in K

Ty temperature of the flue gas at the outlet of the appliance j, in K

Topvj temperature of the supply air at the end of the concentric connection pipe j, in K

Tepvj temperature of the supply air at the beginning of the concentric connection pipe j, in K

Ky; cooling value of the flue of the concentric connection pipe j

NOTE 2 In addition to the check of the temperature requirement of the chimney a check of the supply air temperature
at the end of the air supply of the concentric connection pipe Togv,; can also be undertaken if there exists a maximum air
inlet temperature for the heating appliance given by the manufacturer.

15.8.3.4 Temperature of the flue gas averaged over the length of the concentric connection pipes

The temperature of the flue gas average over the length of the concentric connection pipe j shall be calculated
using the following formula:

TW,j +TOVJ

Thwj=—"—F7—-,inK (102)
’ 2
where
T.v; temperature of the flue gas averaged over the length of the concentric connection pipe j, in K

T,y temperature of the flue gas at the end of the flue of the concentric connection pipe j, in K

Ty; temperature of the flue gas at the outlet of the appliance j, in K

15.8.3.5 Temperature of the supply air averaged over the length of the concentric connection pipes

The temperature of the supply air averaged over the length of the concentric connection pipe j shall be
calculated using the following formula:

Ty +T
Tpy; = o0 5 BYS in K (103)

where

T.ev; temperature of the supply air averaged over the length of the concentric connection pipe j, in K
T,ey; temperature of the supply air at the end of the flue of concentric connection pipe j, in K

Tepyj te.mp.er_attlire of the supply air at the beginning of the air supply passage of the concentric connection
pipe ], In
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15.9 Pressures of the air supply ducts

15.9.1 Draught due to chimney effect of the air supply duct of chimney segment j
The draught due to the chimney effect in the air supply duct for balanced flue chimney with separate ducts

and for balanced flue chimney with concentric ducts with flue ducts with a thermal resistance higher
W

0,65 M* K shall be taken as 0.

The draught due to the chimney effect of the air supply duct of chimney segment j of other balanced flue
chimneys shall be calculated using the following formula:

Pugj=Hj g (oL - Pmsj), in Pa (104)

where

Pug;  draught due to chimney effect of the air supply duct of chimney segment j, in Pa

H, height of chimney segment j, in m
g acceleration due to gravity, shall be taken as 9,81, in m/s’
oL density of ambient air, in kg/m3

Pm;  density of supply air averaged over the length of chimney segment j, in kg/m3

NOTE Experience shows that a limit should be applied to the minimum cross sectional area of the air supply duct of
concentric air flue systems. A factor of 1,5 times the flue cross sectional area is advised.

15.9.2 Draught due to chimney effect of the air supply duct of connection pipes

The draught due to the chimney effect of the air supply duct of connection pipes of balanced flue chimneys

with separate ducts and of balanced flue chimneys with concentric ducts with flue ducts with a thermal
w

resistance higher 0,65 m? K shall be taken as 0.

The draught due to chimney effect of the air supply duct of the connection pipe j shall be calculated using the
following formula:

Pugy; = Hyj g (0L - Pmav,), In Pa (105)
where
Pgy; draught due to chimney effect in the air supply duct of the connection pipe j, in Pa
Hy; height of the connection pipe j, in m
g acceleration due to gravity, shall be taken as 9,81, in m/s®
oL density of the ambient air, in kg/m3
Py, density of supply air averaged over the length of the air supply duct of the connection pipe |,

in kg/m3
15.9.3 Pressure resistance of the air supply duct of the chimney segment j (Pgg)

The pressure resistance of the air supply duct of the chimney segment j Pgg; shall be calculated using the
following formula:
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Frej = Ses '(V/B,j 'DL_:B’L ng,jJ % : Wr?qB,j + Sems - Foat1 T Secs, - Fos,j» IN Pa (106)

where

Prg; pressure resistance of the air supply duct of the chimney segment j, in Pa

Ppg31 pressure loss due to the splitting of the air supply in the area of the inlet into the connecting air
supply duct of the chimney segment j+1, in Pa

Pggj pressure change due to change in velocity of the flow in the air supply passage of chimney
segment j, in Pa

Wa) coefficient of friction of the air supply passage of the chimney segment j

L; length of the chimney segment j, in m

Dipjj hydraulic diameter of the air supply passage of chimney segment j, in m

20, sum of coefficients of flow resistance in the air supply passage of the chimney segment |

Pms, density of the supply air averaged over the length of the chimney segment j, in kg/m®

WmB,j velocity of the supply air based on the average density of the supply air in the chimney segment j,
in m/s

Ses flow safety coefficient for the air supply duct

Sems, flow safety coefficient for the pressure resistance due to splitting of the air supply (Sems; = Ses for

PB31J >0 and SEMB,j =1,0 for PB31J < O)
SecB, flow safety coefficient for the pressure resistance due to change of flow velocity in the chimney
Segmentj (SEGB,j = Seg for PGB,j >0 and SEGB,j =1,0 for PGB,j < 0)

The pressure change due to change of velocity of the flow Pgg; in the air supply passage in chimney segment
j shall be calculated with the following formula:

Fag,j Z%‘Wis,j - pm;jﬂ 'Wéa,m forj<N,inPa (107)
P _ PmBN 2 fori=N. i
GBN =, “Wnen forj=N,inPa (108)

where

pmej density of the supply air averaged over the length of the chimney segment j, in kg/m3

Pggj pressure change due to change in velocity of the flow in the air supply passage of chimney
segment j, in Pa

wma,; Velocity of the supply air based on the average density of the supply air in the chimney segment j,
in m/s

The pressure loss Pgzq; due to the splitting in the area of the inlet into air supply duct of the connection pipe
j+1 shall be calculated with the following formula:

PmB,j+1 . .
Faztj = S3tj1 '%’Wr%]B,j+1 forj<N,in Pa (109)

with
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. 2
m, .
Goaju1 = 0,35 —L | forj<N (110)
Mg i1
and
Ry n=0,inPa (111)
where
Pg31; pressure loss due to the splitting of the air supply in the area of the inlet into the air supply duct of
the connection pipe j+1, in Pa
Pmaj density of the supply air averaged over the length of the chimney segment j, in kg/m3
(a3 flow resistance coefficient due to splitting of the air supply in the area of the inlet into the air supply
duct of the connection pipe j+1,
mBVj mass flow of supply air in the connection pipe j, kg/s
mBj mass flow of the supply air in the chimney segment j, kg/s
Pmg,j density of the supply air averaged over the length of the chimney segment j, in kg/m®

15.9.4 Pressure resistance of the air supply duct of the connection pipe j (Pgrgy,)

The pressure resistance of the air supply duct of the connecting pipes j Pgrgy; shall be calculated with the
following formula:

Ly, PmBV,j .
Frev,j = Ses *| Vav,j —+ ZgBV,j =l Wlf’\BV,j + Semsv,j a3z + Secav,j  Fesv,j» IN Pa (112)
Dygv,j 2

where

Prav pressure resistance of the air supply duct of the connecting pipes j, Pa

Pg3oj pressure loss due to the splitting of the air supply in the area of the inlet into the connecting air
supply duct of the chimney segment j+1, in Pa

Pepyj pressure change due to change in velocity of the flow in the air supply passage of the connection
pipe j, in Pa

Wsv,j coefficient of friction of the air supply passage of the connection pipe j

Ly; length of the connection pipe j, in m

Dhpvy hydraulic diameter of the air supply passage of the connection pipe j, in m

2Cav sum of coefficients of flow resistance in the air supply passage of the connection pipe j,

PmBv,j density of the supply air averaged over the length of the connection pipe j, in kg/m®

WmBV,j velocity of the supply air based on the average density of the supply air in the connection pipe j, in
m/s

Ses flow safety coefficient for the air supply duct

SemBYj flow safety coefficient for the pressure resistance due to splitting of the air supply into the

connection plpej (SEMBV,j = Ses for PB32,j 20 and SEMBV,j =1,0 for PB32,j < 0)

Secav, flow safety coefficient for the pressure resistance due to change of flow velocity in the connection
pipe j (Secsv, = Ses for Pepy; = 0 and Sgepy, = 1,0 for Pgpy, < 0)
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The change of pressure due to change of the flow velocity in the air supply duct of the connection pipe j Pggy;
shall be calculated with the following formula:

Pagy, =@-w§ﬁv,j —%.wfm_j in Pa (113)

where

Peey; pressure change due to change in velocity of the flow in the air supply passage of the connection pipe
j,in Pa

pmev; density of the supply air averaged over the length of the connection pipe j, in kg/m3

pmej  density of the supply air averaged over the length of the chimney segment j, in kg/m3

wmav,j Velocity of the supply air based on the average density of the supply air in the connection pipe j, in m/s

wms; velocity of the supply air based on the average density of the supply air in the chimney segment j, in
m/s

The pressure loss Pgj,; due to the splitting of the air supply in the area of the inlet into the air supply duct of
the connection pipe j shall be calculated with the following formula:

PmB,j .
Fas :gBSZ,j‘%’W%B,j’ in Pa (114)
with
027 , . 0,11 . . 2
Coaz;=|1-0.3- A |2 . 1—2-ﬂ-i-cosy,j+ ﬂi (115)
V,j g mg; Ay, mg; Ay,
where
Pgao; pressure loss due to the splitting of the air supply in the area of the inlet into the connecting air
supply duct of the chimney segment j+1, in Pa
WmB,j velocity of the supply air based on the average density of the supply air in the chimney segment j, in
m/s
Pma; density of the supply air averaged over the length of the chimney segment j, in kg/m3
Ag cross-sectional area of the air supply passage of the chimney, m?
Apv, cross-sectional area of the air supply passage of the connection pipe j, m?
mBVj mass flow of the supply air in the connection pipe j, kg/s
ey mass flow of the supply air in the chimney segment j, kg/s
Vi angle of connection between the air supply duct of the connection pipe j and the air supply duct of

the chimney segment |

Where a manufacturer supplies the data for his product, these values shall be used.
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15.10 Density and velocity of the supply air

15.10.1 Density and velocity of the supply air in the air supply duct averaged over the length of the
chimney segment

When calculating a balanced flue chimney with a flue duct with a thermal resistance less than or equal to 0,65
W/m?K the temperature of the supply air varies and consequently the density needs to be calculated. The
density of the supply air in the air supply duct averaged over the length of the chimney segment j png; shall be
calculated with the following formula:

PL ; 3
. =———— inkg/m 116
me,J RL 'TmB,j g ( )

where

pmej  density of the supply air in the air supply duct averaged over the length of the chimney segment
j, in kg/m®

)2 pressure of the external air, in Pa

R J

gas constant of the air, in kg-K

Tmej temperature of the supply air in the air supply duct of chimney segment j, in K

The velocity of the supply air in the air supply duct averaged over the length of the chimney segment j wpg;
shall be calculated using the following formula:

_ Mg | :
Wngj=———— ,inm/s (117)
A" Prgj
where
WmB,j velocity of the supply air in the air supply duct averaged over the length of chimney segment j, in
J
kg-K
mBj mass flow of the supply air in the air supply duct of chimney segment j, in K
Agj cross-sectional area of the air supply passage of the chimney segment j, in Pa
Pmaj density of the supply air in the air supply duct averaged over the length of the chimney segment j, in

kg/m3
15.10.2 Density and velocity of the supply air averaged over the length of the connection pipes

When calculating a balanced flue chimney with a flue duct with a thermal resistance less than or equal to 0,65
W/m?K the temperature of the supply air varies and consequently the density needs to be calculated. The
density of the supply air averaged over the length of the connection pipe j pmsv; shall be calculated with the
following formula:

DL . 3
=—=—— in kg/m 118
meV,j RL 'TmBJ g ( )
where

68



BS EN 13384-2:2015
EN 13384-2:2015 (E)

Pmev; density of the supply air in the air supply duct averaged over the length of the connection pipe j,
in kg/m®

DL pressure of the external air, in Pa

RL J

gas constant of the air, in kg-K

Tmev; temperature of the supply air in the air supply duct of the connection pipe j, in K

The velocity of the supply air averaged over the length of the connection pipe j wmgy; shall be calculated using
the following formula:

M
Winbvj = B inmis (119)
Agy, i PmBv,j

where
WmBV,j _J

velocity of the supply air averaged over the length of the connection pipe j, in kg-K
mBVj mass flow of the supply air in the air supply duct of the connection pipe j, in K
Apv, cross-sectional area of the air supply passage of the connection pipe j, in Pa
PmBvj density of the supply air averaged over the length of the connection pipe j, in kg/m3

16 Consideration of chimney fans

16.1 General
Chimney fans can be taken into account for calculation of chimneys only if

— the fan operation is controlled by safety device which cuts off all heating appliances in case of fan
operation failure or

— there is sufficient proof that there is still a safe operation of all heating appliances in case of fan operation
failure.

The pressure gain created by the chimney fan Pr,, can be calculated with the following formula:

_ ; 72 73 74 | Pran .
B, = [co +c Ve T6 Vi 65 Vi +€4 VFan]-—l x in Pa (120)
v, =" inmYs (121)
Fan
—_Pr_ inkgim? (122)
pFan R . Ti:an
where
co is the characteristic value of the chimney fan according to prEN 16475-2, in Pa
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cq is the characteristic value of the chimney fan according to prEN 16475-2, in Pa/(m?3/s)
Co is the characteristic value of the chimney fan according to prEN 16475-2, in Pa/(m3/s)2
c3 is the characteristic value of the chimney fan according to prEN 16475-2, in Pa/(m3/s)3
Cs is the characteristic value of the chimney fan according to prEN 16475-2, in Pa/(m3/s)4
VFan is the flue gas volume flow at the chimney fan, in m3/s;

PFan is the flue gas density at the chimney fan, in kg/m?3;

iy, is the flue gas mass flow at the outlet of the chimney, in kg/s;

pL is the external air pressure (see EN 13384-1:2015, 5.7.2), in Pa;

R is the gas constant of the flue gas (see EN 13384-1:2015, 5.7.3.2), in J/(kg - K);

Tean is the flue gas temperature at the chimney fan, in K.

The characteristic values of the chimney fan ¢y to ¢4 have to be given by the fan manufactures or by the
literature.

NOTE For a non-permanent used chimney fan the calculation needs to be done without taking into account the
pressure gain created by the chimney fan but its flow resistance.

16.2 Inline fans

Inline fans can be taken into account for calculation of chimneys serving more than one heating appliance only
if all these heating appliances are connected over one common, single cascade and the fan is situated in the
last collector segment NC of this cascade.

Divergent to Formula (49) the theoretical draught available due to the chimney effect of the last collector
segment N Pycn With an inline fan shall be calculated using the following formula:

Phen = Hen ' g (pL - pmeN) + Pran, in Pa (123)

where

g is the acceleration due to gravity = 9,81 m/s?;

Hcn  is the effective height of the last collector segment N, in m;

oL is the density of the external air, in kg/m3;

pmcN IS the mean density of the flue gas in the last collector segment N, in kg/m3.

Pran is the pressure gain created by the inline fan, in Pa;

For negative pressure chimneys the requirements of 14.2.1 and the following relationship shall be verified:
Pz 2 Pg, in Pa (124)

where

Pz, is the minimum draught required at the flue gas inlet into the chimney, in Pa;

Pg is the pressure resistance of the air supply, in Pa.

NOTE 1 If necessary, the capacity of the inline fan needs to be appropriately reduced.

For positive pressure chimneys the requirements of 14.2.1 and the following relationship shall be verified:
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P06 + PrcN - PreN S P2y excess » iN Pa (125)
where
P70e, is the maximum differential pressure at the flue gas inlet into the chimney, in Pa;
Pycn is the theoretical draught available due to the chimney effect of the last collector segment N, in Pa;
PrenN is the pressure resistance of the last collector segment N, in Pa;

Pzexcess i1 the maximum allowed pressure from the designation of the chimney, in Pa.

NOTE 2 If necessary, the capacity of the inline fan needs to be appropriately reduced.

For the calculation of the pressure gain created by the inline fan Pg,, according Formula (120) normally the
following formula can be used:

Tean = eC,N» inK (126)
where
Tran  is the flue gas temperature at the chimney fan, in K;

Tecn  is the flue gas temperature at the entrance of the last collector segment N, in K.
16.3 Exhaust fans

Divergent to Formula (31) the theoretical draught available due to the chimney effect of the last chimney
segment N Py with an exhaust fan shall be calculated using the following formula:

Pun=HnN" g (pL - pmN) * Pran, in Pa (127)

where

g is the acceleration due to gravity = 9,81 m/s?;

Hy  is the effective height of the last chimney segment N, in m;
L is the density of the external air, in kg/m3;

pmn IS the mean density of the last chimney segment N, in kg/m3;

Pran  is the pressure gain created by the exhaust fan, in Pa.

For the calculation of the pressure gain created by the exhaust fan Pg,, according Formula (120) normally the
following formula can be used:

Tran = To,Nv in K (128)

where

Tran is the flue gas temperature at the chimney fan, in K;

Ton is the flue gas temperature at the chimney outlet, in K.
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Annex A
(informative)

Recommendations

A.1 General

The design of chimneys serving more than one heating appliance needs some experience. Some
recommendations are provided here. These recommendations should be taken into account during the
calculation if they are relevant.

A.2 Recommendations for the chimney and heating appliances

Heating appliances which are out of action over a longer time period should be closed with shut-off devices or
dampers where this is allowed. These devices should be closed during periods when no combustion takes
place. In any case, however, doors for the combustion chamber and openings for air supply of the heating
appliances should be closed.

A.3 Recommendations for connecting flue pipes

Connecting flue pipes should rise vertically and directly from the appliance outlet towards the chimney. Where
the connecting flue pipe does not rise vertically and directly from the appliance outlet its length should not
exceed 0,5 m.

The vertically rise directly from the appliance outlet should exceed half of the total length. The total length of
the connecting flue pipe should not exceed 2,5 m.

The free cross section of connecting flue pipes should be constant in form and size and have as a minimum
the same hydraulic diameter as the flue gas outlet of the heating appliance. In case two heating appliances
are connected to a chimney by only one connecting flue pipe, the free cross area of the common pipe section
should be calculated according to the calculation method given in this standard regarding the sum of the
nominal heat outputs of both heating appliances.
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Annex B
(informative)

Characteristics for the heating appliance

In case the factors b, b4, by, b3 b4 and the factors yyg, y4, > used in Formulas (10) and (11) are not specified by
the manufacturer of the heating appliances Table B.1 should be used in case relevant flue gas values are
available; Table B.2 should be used in case no flue gas values are given.

Table B.1 — Specification of flue gas characteristics of heating appliances with available flue gas

values
Heating appliance Working Py e
condition bo b4 bs b3 by Yo 1 V2

Heating appliances fired for | in operation 0 0 0 0 Pyyj twj 0 0
solid fuels without fan out of action 0 0 | Pw 0 0 v, 0 0
Heating appliances fired for | in operation 0 0 | Pw 0 0 twj 0 0
liquid fuels without fan out of action 0 0 Py 0 0 tv,j 0 0
Heating appliances  with [ in operation 0 0 Py 0 0 fuvj fwj- tuv -1
draught
diverters for gaseous fuels out of action 0 0 Py 0 0 tv,j 0 0
Heating appliances without |in operation | -Pyg; 0 Py + 0 0 twj 0 0
draught diverters for Pyaj
gaseous fuels with fan out of action 0 0 Pyj + 0 0 tv,j 0 0

Pygj
where
v, ambient air temperature of the boiler room
twj flue gas temperature of the appliance j
Py minimum draught for the heating appliance j
Pyaij guaranteed pressure difference created by the fan at nominal heat output

NOTE Pw; could be the smallest value where the heating appliance still works correctly as declared by the manufacturer. s

and " "W.jshall correspond to this value.
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Table B.2 — Specification of flue gas characteristics of heating appliances without available flue gas values

Pwe,j tWe,j ;! Oy | (CO2w,

Heating appliance Working bo b4 ba b3 by Yo 32 V2

condition inPa | inPa | inPa | inPa |inPa] in°C | in°C | in°C in in %

g/(s-kW)

Heating appliances fired for | in operation 0 0 0 0 12 250 0 0 1,2 8,1
solid fuels without fan out of action 0 0 13,5 0 0 tv,j 0 0 1,2 0
Heating appliances fired for | in operation 0 0 9 0 0 twj 0 0 0,85 7,0
liquid fuels without fan out of action 0 0 13,5 0 0 |t 0 0 0,85 0
Heating appliances  with [in operation 0 0 3.1 0 0 v 130- 0 0,84 54
draught luv j
diverters for gaseous fuels out of action 0 0 3,6 0 0 tv,j 0 0 0,84 0
Heating appliances without |in operation -50 0 50 0 0 twj 0 0 - -
draught diverters for
gaseous fuels with fan out of action 0 0 50 0 0 tv,j 0 0 - -
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